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(57) Abstract: This includes pressure regulator assembly usable in, as an example, a multiple channel high throughput purillcaiion 
system. The pressure regulator assembly is adjustable for pressure control of the lluid flow in the purification system. The apparatus 
mcludes a microsampling device u.seable in a multiple channel high throughput purillaiiion system for purifying a plurality of sam- 
ples, preferably four or more samples from a chemical library. The apparatus also includes a high throughput liquid chromatography 
column a.ssembly for separating a large sample with a selected mass weight and tluid volume. The appiiraius also includes a fraction 
colIecUon assembly having a Iramc and a dispensing head movably connected to the frame for movement about three axes. A rinse 
station is connected to the frame and positioned to removably receive the dispensing tube when the dispensing head is in the rinse 
position. A pickup station is provided adjacent to an expansion chamber distribution assembly to retain the expan.sion chambers in 
a .selected po.sitlon to be picked up by the dispensing head when in the pick up position prior to distribution of the sample into the 
receiving conlainer. 
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(57) Abstract: This includes pressure regulator assembly usable in, as an example, a multiple channel high throughput purification 
system. The pressure regulator assembly is adjustable for pressure control of the fluid flow in the purification system. The apparatus 
includes a microsampling device useable in a multiple channel high throughput purification system for purifying a plurality of sam- 
ples, preferably four or more samples from a chemical library. The apparatus also includes a high throughput liquid chromatography 
column assembly for separating a large sample with a selected mass weight and fluid volume. The apparatus also includes a fraction 
collection assembly having a frame and a dispensing head movably connected to the frame for movement about three axes. A rinse 
station is connected to the frame and positioned to removably receive the dispensing tube when the dispensing head is in the rinse 
position. A pickup station is provided adjacent to an expansion chamber distribution assembly to retain the expansion chambers in 
a selected position to be picked up by the dispensing head when in the pick up position prior to distribution of the sample into the 
receiving container. 
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APPARATUS AND METHOD FOR MULTIPLE CHANNEL HIGH 
THROUGHPUT PURMCATION 



TECHNICAL FIELD 

The present invention is directed to apparatus and methods, usable in, 
as an example, sample purification, and more particularly, to apparatus and 
methods usable in, as an example, high throughput purification of samples firom a 
chemical library. 

BACKGROUND OF THE INVENTION 

The relationship between structure and fimctions of molecules is a 
fimdamental issue in the study of biological and other chemistry-based systems. 
Stractcire-fimction relationships are important in understanding, for example, the 
function of enzymes, cellular communication, cellular control and feedback 
mechanisms. Certain macromolecules are known to interact and bind to olher 
molecules having a specific 3-dimensional spatial and electronic distribution. Aay 
macromolecule havuig such specificity can be considered a receptor, whether the 
macromolecule is an enzyme, a protein, a glycoprotein, land antibody, or an 
oghonucleotide sequence of DNA, RNA, or the like. The various molecules which 
bind to receptors are known as ligands. 

A common way to generate ligands is to synthesize molecules in a 
stepwise fashion in a liquid phase or on solid phase resins. Since the introduction 
of liquid phase and solid phase synthesis methods for peptides, oglionucleotides, 
and smaU organic molecules, new methods of employiag liquid or solid phase 
strategies have been developed that are capable of generating thousands, and in 
some cases even miUions of individual compounds using automated or manual 
techniques. A collection of compounds is generally referred to as a chemical 
library. In the pharmaceutical industry, chemical libraries of compounds are 
typically formatted into 96-well microtiter plates. This 96-weU formatting has 
essentially become a standard and it allows for convenient methods for screening 
these compounds to identify novel ligands for biological receptors. 
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Recently developed synthesis techniques are capahle of generating 
large chemical libraries in a relatively short period of time as compared to previous 
synthesis techniques. As an example, automated syndiesis techniques for sanq)le 
generation allows for the generation of up to 4,000 compounds per week. The 
samples, which contain the compounds, however, typically include 20% - 60% 
impurities in addition to the desired compound. When samples having these 
impiuities are screened against selected targets, such as a novel ligand or biological 
receptors, the impurities can produce erroneous screening results. As a result, 
samples that receive a positive result from initial screening must be further analyzed 
and screened to verify the accuracy of the initial screening result This verification 
process requires that additional samples be available. The verification process also 
increases the cost and time required to accurately verify that the targeted compound 
has been located. 

Samples can be purified in an efibrt to achieve an 85% purity or 
better. Screening of the purified samples provides more accurate and meaningftil 
biological results. Conventional purification techniques, however, are very slow 
and e3q)ensive. As an example, conventional purification techniques using high 
pressure liquid chromatography (EJPLC) take approximately 30 minutes to purify 
each sample. Therefore, purification of the 4,000 samples generated in one week 
would take at least 2,000 hours (i.e. 83.3 days or 2.77 months). 

Conventional purification techniques, such as HPLC, also require 
large volumes of solvents and result in large volmnes of waste solvent Disposal of 
the solvents, particularly halogenated solvents, must be carefully controlled for 
legal and environmental reasons, so the disposal process can be laborious and very 
costiy. Disposal of non-halogenated solvents is less rigorous. Accordingly, when 
halogenated and non-halogenated solvents are used, the waste solvents are 
separated. The separation process of large volumes of solvents, however, can be a 
difficult process to perform efficientiy and ine?q)ensively. Accordingly, 
purification of large chemical libraries can be economically prohibitive. Hierefore, 
there is a need for a faster and more economical manner of purifying samples of 
large chemical libraries. 

Supercritical fluid chromatography (SFC) provides faster purification 
techniques than HPLC. SFC utilizes a multiphase flow stream that includes a gas, 
such as carbon dioxide, in a supercritical state, a carrier solvent and a selected 
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sample. The flow stream passes through a chromatography colmmi, and is then 
analyzed in an effort to locate target compomds. SFC is beneficial because the 
solvent and sample are carried by the gas and the amoimt of solvent needed dming 
a purification run is substantially less fbrn the volume used in HPLC. Also, the 
amount of waste solvent at the end of a nm is substantially less, so less waste 
solvent needs to be handled. SFC, however, requires pressure and temperature 
regulation that is difficult to control accurately and reliably long term. 

Purification systems have been developed to provide multiple 
channels to increase the volume of samples purified by the system. The samples in 
the multiple chamiels are analyzed in an effort to detect target compounds. 
Improved efficiency can be achieved by using multiple channel high-speed 
purification systems that provide high-speed sampling fi-om the chamiels to a mass 
spectrometer or other selected analyzer. These high-speed multiple channel 
systems, however, have developed complex and cumbersome techniques for taking 
high-speed samplings firom multiple channels and tracking the positions of the 
samples within the multiple chaimels firom which the high-speed samplings were 
taken. 

There are many different configurations of the purification 
instruments. They typically share conunonality in the concept wherein that samples 
are deUvered to a chromatography instrument where compounds are separated in 
time, and a firaction collector collects the target compound. In order for these 
instruments to maintain the high throughput process, the instruments must be able 
to handle large sample numbers, as well as large samples in terms of mass weight 
and solvent volume. Tradition would specify the use of a semiprep or prep scale 
chromatography system for a typical milligram synthesis. While this is achievable, 
it has a low feasibility in a high throughput environment because several issues 
become apparent in such practice: large solvent usage, generation of large amounts 
of solvent waste, expensive large-bore columns, and relatively large collection 
volumes of target compounds. If the proper flow rate or column size is not used, 
sufficient chromatographic purity will not be achieved. 

A variety of column configurations have been developed in an effort 
to improve the chromatographic results. U.S. Patent No. 4,554,071 discloses a pre- 
column for high pressure pre-concentration of material to be chromatographed 
when the substances are provided in trace amounts. The pre-column is a vessel- 
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sh^ed body that narrows internally at both ends and that is packed with a selected 
carder material. The pre-colmnn is comiectable to a conventional chromatography 
cohimn. Liquid sanq>le is added at high pressure into the narrowed top end, and the 
selected components are absorbed by the carrier material. The non-absorbed ffaiid 
is drained from the pre-colnmn through a separate ouflet tube not connected to the 
chromatography colunm. The concentrated material is eluted with a solvent or 
solvent mixture and the concentrated sample and solvent are then loaded into the 
chromatographic column. This concentration process and subsequent separation 
process through the column can utilize a large amount of solvent to achieve a 
desired separation of the sample. 

U.S. Patent No. 4,719,011 discloses a modular, high pressure liquid 
chromatography colunm. The column iQcludes segments with flanged sections that 
can be combined to increase or decrease the column length. Segments having 
dififerent inner diameters can also be combined to provide an inner diameter 
deemed necessary to provide the type of chromatography for the mobile phase 
being treated. Accordingly, the same modular components are usable in dififerent 
combinations for different chromatographic runs. The mass sample and solvoit 
volume, however, dictate the diameter and length of the column to be constructed 
Avith these modidar segments. 

Columns used for high throughput processes must be able to handle 
large sample numbers and laige samples in terms of mass weight and solvent 
volume. Conventional chromatography for large samples typically uses large-bore 
columns and large volumes of solvent If the proper flow rate or colunm size is not 
used, the desired chromatographic purity will not be achieved. As a result, 
chromatography of large samples results in large solvent usage, generation of large 
amounts of solvent waste, increased expense of replacing large-bore columns, and 
relatively large collection volumes of target compounds. Accordingly, there is a 
need for a chromatographic column for high throughput puri&cation systems that 
overcomes drawbacks experienced by the prior art 

Further drawbacks experienced with high throughput purification 
techniques include durability of components to accommodate the high pressures, 
high volumes, or high flow rates of samples through the purification system. The 
purification system requires extreme accuracy and very high tolerances to avoid 
cross-contamination and to ensure purified compounds. The system components. 
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fhuSy must be sufficienfly durable to accept the aggressive enviromnent while still 
providing the accurate results required. If the components are not sufficiently 
durable and they break or require repair too quickly, the purification system must 
be taken out of service to replace or repair the components. 
5 Conventional SFC systems expose its components to extremely 

hostile environments at high pressures. The high pressures must be accurately 
controlled and maintained, typically by pressure regulators. The extremely erosive 
nature of the environment, however, can ruin valving components in the regulator. 
As a result, manufacturers have made the valving components out of veiy hard and 

10 erosion-resistant materials. In high pressure environments, however, the hard 
materials are brittle, fragile, and susceptible to breaking or cracking. The valving 
components are also exposed to cold temperatures due to the high pressure gas. As 
a result, the valving components can ice up, which can compromise the accuracy of 
the pressure regulation. 

15 The pressure regulators of the high pressure systems must also be able 

to move the valving components very quickly and accurately for acceptable 
pressure control. The electromagnetic control mechanisms have been used for 
moving the valving components. Such mechanisms are typically large and have 
unswept dead volumes that can retain portions of the samples passing throu^ the 

20 system. This imswept dead volume can result ia cross-contamination between 
samples by sample carry-over or sample tailing. These mechanisms for controUiag 
the valving mechanisms also e;q)erience difficulties in controlling the speed and 
velocity of the moving components so as to avoid accidental damage to the 
mechanisms. Accordingly, there is a need for pressure regulating devices usable in 

25 highly erosive, high pressure environments that achieve sufficient accuracy, control 
and durability. 

A further drawback experienced in conventional purification 
processes of large chdxdcal libraries iacludes sample management during the 
purification process. As an example, the chemical libraries are typically maintained 
30 in sets of 96-well microtiter plates, wherein each well includes a separate sample. 
Each sample is carefidly tracked by its "well address" within tiie microtiter plate. 
When a sample or portion of a sample is removed for purification from a selected 
weU of a microtiter plate, the purified sample is typically collected in a separate 
contaiuer, processed, and eventually returned to a receiving well in a similar 
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microliter plate. That receiving well preferably has a corresponding well address in 
llie microtiter plate so as to maintain the accuracy of the library records regarding 
sample location in the respective microtiter plate. 

Conventional purification processes typically require the refoimatting 
5 of a purified sample because the large collected volumes of fluid (e.g.^ the solvent 
that contains the purified sample) is greater tiian the volume of a receiving well in a 
conventional microtiter plate. The large collected volumes must be reduced to a 
volume that fits into the microtiter plate's well. The reduced volume of flirid 
containing the purified sample is also tracked and deposited into the appropriate 

10 well of the receiving microtiter plate that correctly maps to the well location from 
which the sample was taken at the start of the purification run. Such refonnattiag 
of purified samples into the receiving microtiter plate increases the time 
requirements and cost of the purification processes. Therefore, there is a need for a 
purification process that allows for quick and economical purification of samples 

15 that result in purified samples being collected directly to microtiter plates mapped 
directly to the original plate. 

SXJMMARY OF THE INVENTION 

The present invention is directed to apparatus and methods, usable for 
multiple channel high throughput purification of samples from a chemical library 

20 that overcome drawbacks experienced in the prior art. In an illustrated embodiment 
utilizing a apparatus in accordance with the present invention, the method of 
multiple channel high tirroughput purification simultaneously purifies a plurality of 
samples, such as four samples, from a chemical library. 

The purification process includes simultaneously purifying by 

25 supercritical fluid chromatography (SFC) all four samples in four channels of a 
purification system. The method includes passing a first sample along a SFC flow 
path of the first channel, separating the first sample into sample portions, spacing 
the sample portions apart from each other along at least a portion of the first fluid 
path. The pressure of the supercritical fluid in the flow stream is regulated with a 

30 back pressure regulator and a pressure relief valve in accordance with an 
embodiment of the present invention. The method also includes moving the 
separated sample portions along the fluid path, and detecting at least one sample 
portion flowing along the fluid path. The method findier includes diverting a 



wo 01/86283 PCTAJSOl/15469 

7 

sampling away from fhe sample portion, directing fhe sampling to an analyzer while 
the remainder of the sample portion continues along Ihe fluid path, analyzing the 
sampling with the analyzer, and determining if the one sample portion has selected 
sample characteristics. The metiiod also includes collecting the one sample portion 
in a first receptacle, such as a well of a first microtiter plate, only if the sample 
portion has the selected sample characteristics. If the sample portion does not have 
the selected sample characteristics, the sample portion is collected in a second 
receptacle, such as a corresponding well in a second microtiter plate. 

The multiple channel high throughput purification method of this 
illustrated embodiment further includes purifying a second sample along a second 
channel substantially simultaneously with the purification of the first sample. 
Purifyiag the second sample includes passing the second sample along a second 
flow path of the second channel, separating the second sample into sample portions, 
and spacing the sample portions apart from each other along at least a portion of the 
second fluid path with a pressure regulating assembly in accordance with an 
embodiment of the present invention. The method also includes moving the 
separated sample portions along fhe second fluid path, and detecting at least one of 
the sample portions flowing along the second fluid path. The method includes 
regulating the second sample's pressure along the flow path with a pressure 
regulating assembly in accordance with an embodiment of the present invention. 
The method further includes taldng a sampling from the one sample portion and 
directing the sampling to the same analyzer used for the first channel. The 
remainder of the sample portion continues to flow along the second fluid path. 

The method also includes analyzmg the second sampling with the 
analyzer, wherein the first and second samplings are analyzed separately in 
accordance with a selected analysis priority protocol. The analysis of the second 
sampltng determines if the sample portion has selected sample characteristics. The 
method finther includes collecting the sample portion in a separate receptacle, such 
as a separate well in the first microtiter plate identified above, only if die sample 
portion has the second selected sample characteristics. If flie sample portion does 
not have the selected sample characteristics, the sample portion is collected in 
another receptacle, such as a separate well ia the second microtiter plate identified 
above. 
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In one embodiment of the invention, the method of hig^ throughput 
purification incfaides purifying third and fourth samples along corresponding tiiird 
and fourih channels in a mamier similar to the purification discussed above 
regarding the first and second samples. In this embodiment, Ihe same analyzer is 
used to analyze samplings firom all four samples. The samplings are all analyzed 
separately and in accordance with the selected analysis priority protocol. 

One aspect of the invention provides a high throughput liquid 
chromatography column assembly configured to receive a selected iryection of a 
sample for flow therethrough at a selected flow rate to achieve chromatographic 
separation of the sample. The sample has a selected mass weight and fluid volume. 
The assembly includes a loading column with a loading chamber therein having a 
first inner diameter and a first length. The loading chamber is sized to retain a 
selected volume of a solid phase packing material onto which the sample is loaded 
and spatially distributed witiiin the loading chamber. The volume of the loading 
chamber is sufficient to fully load the sample therein, but the length of the loading 
chamber is insufficient to achieve the selected chromatographic separation of the 
sample as the sample passes throu^ the packing material. 

A separation column with a separation chamber is positioned to 
receive the sample fi*om the loading colunm. The separation chamber has a 
diameter smaller than the loading column's diameter, and a length greater than the 
loading colunon's length. The separation chamber retains a solid phase packing 
material therein, and the separation chamber's length is sufficient to achieve the 
selected chromatographic separation as tiie sample passes through the packing 
material at the selected flow rate. The separation column's inner diameter is such 
that the separation chamber has a volume over tiie same length as the loading 
column's length that is insufficient to act as a loading area for the entire selected 
sample. 

Another aspect of the invention is directed to a pressure regulating 
assembly usable in one embodiment in a multiple chamiel high throughput 
purification system for substantially simultaneously purifying a plurality of samples 
fi'om a chemical Kbrary. hi one illustrated embodiment, the system includes a 
controller and a sample analyzer coupled to the controller, wherein the analyzer is 
configured to determine whether the samplings have selected sample 
characteristics. First, second, third, and fourth purification channels are coupled to 
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the sample analyzer. The first puiificatioii channel includes a separation device 
positioned to receive a sample flow and to separate a first sanq)le into sample 
portions so the sample portions are spaced apart from each other in the sample 
flow. A detector is positioned to receive the sample flow from the separation 
device and to detect at least one sample portion within the first sample. Aa 
adjustable back pressure regulator assembly receives the flow stream from the 
detector and controls tiie pressure of Ihe flow stream within die first channel in 
accordance with an embodiment of the present invention. 

In one embodiment of the invention, a pressure regulator assembly is 
provided for use in a high throughput fluid system having a fluid chamiel for 
carrying a fluid flow therethrough. The pressure regulator assembly includes an 
inlet line and an outlet line connectable to the fluid channel. A regulator body has a 
regulator inlet and outlet with the regulator inlet being connected to the inlet line 
and the regulator outlet being connected to the outiet line. The regulator body has a 
chamber therein in fluid communication with the regulator inlet and outlet A 
nozzle is in fluid communication with the regulator inlet. The nozzle has a nozzle 
outiet adjacent to the chamber. A stem is axially aligned with the nozzle outiet 
The stem has one end forming a regulating surface and another end forming a 
mounting portion. The regulating surface is positioned adjacent to the nozzle outiet 
and being positioned to restrict the fluid flow through the chamber to the regulator 
outiet. 

The pressure regulator assembly in tiiis embodiment also includes a 
mounting rod attached to the stem's mounting portion. The mounting rod and stem 
are axially moveable in the regulator body relative to the nozzle outiet. An 
adjustment member is connected to the mounting rod and is axially moveable to 
adjust the position of the stem relative to the nozzle outiet The adjustment 
mechanism has a dual concentric thread arrangement wifli first and second threads 
thereon. The first threads engage the mounting rod and are configured to move the 
mounting rod and stem as a unit in a first direction and at a first rate relative to the 
nozzle outiet. The second threads are configured to move the adjustment member, 
the mounting rod, and the stem as a unit in a second direction and at a second rate 
relative to the nozzle outiet. The second direction being opposite the first direction, 
and the fibrst rate being different than the second rate, to provide an attenuated 
movement of the stem's regulating surface relative to the nozzle outiet to 
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selectively adjust a pressure of tiie fluid flow in the chamber. A drive mechanism is 
connected to the adjustment member and positioned to rotate the adjustment 
member for axial adjustment of the stem relative to the nozzle outiet for pressure 
control of the fluid flow. The pressure regulator assembly provides for highly 
accumte pressure control wifli virtually no dead volume that could result in. cross- 
contamination between samples. 

A microsampling device is positioned to receive the sample flow from 
the back pressure regulator and is moveable between open and closed positions 
while allowing a substantially continuous flow stream to pass through the device. 
In the closed position, the microsampling device blocks the flow stream from 
passiQg to the analyzer and allows the flow stream to continue to flow through the 
device. In the closed position, the microsampling device also allows a substantially 
continuous flow of carrier fluid to pass therethrough to the analyzer. In the open 
position, the microsampling device directs a sampling of at least the one sample 
portion to the analyzer for analysis, while a remainder of the one sample portion in 
the sample flow moves substantially uninterrupted through the microsampling 
device. 

A pressure relief valve assembly, which in an embodiment is similar 
to the back pressure regulator, receives the remainder sample flow from the 
microsampling device and maintains a selected pressure in the sample flow 
downstream of the nucrosampling device. A flow durecting valve is in fluid 
communication with the first flow path and is positioned to receive the sample flow 
downstream of the pressure relief valves. The flow dhecting valve is moveable to a 
first position to direct the one sanople portion in one direction if the analyzer has 
determined that the one sample portion has the selected sample characteristics. The 
flow directing valve is moveable to a second position to direct the one sample 
portion in another direction if the analyzer has determined that the one sample 
portion does not have the selected sample characteristics. A first receptacle, such 
as a well of a microtiter plate, is positioned to receive the one sample portion from 
the flow directing device when the flow directing device is in the first position 
because the sample portion has the selected characteristics. A second receptacle, 
such as a well in a second microtiter plate, is positioned to receive the one sample 
portion when the flow directing device is in the second position because the sample 
portion does not have the selected characteristics. 
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The second puiificatiofa channel of the purification system inchides a 
separation device positioned to receive a second sanaple flow and to separate a 
second sample into sample portions. A separate detector is coiipled to the 
separation device and is positioned to receive the second sample from the 
separation device. The detector is configured to detect at least one of the sample 
portions within the sample flow. A microsampling device is positioned to receive 
the sample flow from tiie detector and is moveable between open and closed 
positions. When the microsampling device is in the closed position, the 
microsampliag device allows the second sample flow to pass therethrough and 
bloclcs the flow from passing to the analyzer. In the open position, the 
microsampling device directs a sampling of the one sample portion to the analyzer 
for analysis, while the remainder of the sample portion continues along the second 
flow path substantially uninterrupted. 

A back pressure regulator and a pressure relief valve receive the 
second sample flow upstream and downstream, respectively, of the microsampling 
device to selectively control the pressure of the second sample flow along the 
second purification channel. A flow directing valve is in fluid conununication with 
the second flow path and is positioned to receive Ihe sample flow therethrough. 
The flow directing valve is moveable to a first position to direct the one sample 
portion in one direction if the anal3^r has determined the sample portion has the 
selected sample characteristic. The flow directing valve is moveable to a second 
position to direct the one sample portion in another direction if the analyzer has 
determined that the sample portion does not have the selected sample 
characteristics. A waste receptacle receives the remainder of the flow that does not 
include the sample portion. 

A receptacle, such as a separate well in the first microtiter plate, is 
positioned to receive the sample portion from the flow directing device when the 
flow directing device is in the first position because the sample portion has the 
selected characteristics. Another receptacle, such as a separate well ia flie second 
microtiter plate, is positioned to receive the sample portion when the flow directing 
device is in the second position because the sample portion does not have the 
selected characteristics. 

In one embodiment of the invention, the piuification system includes 
third and fourtii purification channels that pmify third and fourth samples 
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substantially simultaneous wifli ike purification of fhe first and second samples. 
Each of tbe third and fourth purification channels are coupled to tiie same analyzer 
and direct the sample portions to receptacles, such as wells in the first and second 
microtiter plates, discussed above. 
5 hi one embodiment, the system includes a controller and a sanq>le 

analyzer coupled to the coritroUer, wherein the analyzer is configured to determine 
whether the samplings have selected sample characteristics. First, second, third, 
and fourth purification channels are coupled to the sample analyzer. The first 
purification chamiel includes a separation device positioned to receive a sample 

10 flow and to separate a first sample into sample portions so the sample portions are 
spaced apart fi-om each other in the sample flow. A detector is positioned to 
receive the sample flow from the separation device and to detect at least one sample 
portion within the first sample. An adjustable backpressure regulator receives the 
flow stream fi-om the detector and controls the pressure of the flow stream withhi 

15 the first channel. 

Another aspect of the invention provides the microsampling device 
that includes a body with a sample flow inlet, a sample flow outlet and a sample 
passageway therebetween. The sample flow inlet and outlet are positionable for 
fluid communication with the sanq)le flow path of the fluid system. The body has a 

20 carrier flow inlet and a carrier flow outiet positioned for fluid communication with 
the carrier fluid flow path of the high throughput fluid system. The carrier flow 
inlet and carrier flow outiet are axially misaligned. A stem is movably disposed in 
the body and is in fluid communication with the sample passageway. 

The stem is moveable in the body betwe^ first and second positions. 

25 The stem has a fluid bypass that fluidly interconnects the carrier flow inlet and 
outiet when the stem is in the first position to allow a selected carrier flxud to flow 
through the valve body. The stem blocks the sample flow in the sample 
passageway firom flowing to the carrier flow outiet when in the first position. The 
fluid bypass is in fluid communication with the sample passageway and the carrier 

30 flow outiet when in the second position to allow a selected sampling of the sample 
flow to flow to the carrier flow outiet. One or more actuators are coupled to the 
stem and is activatable to move the stem between the first and second positions. 
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Anollier aspect of fhe invention includes an automated fraction 
collection assembly that retains the microtiter plates in a fixed position and 
dispenses the sample portions into the selected wells in the microtiter plates. The 
fraction collection assembly includes a dispensing needle through which the sample 
portion is dispensed into disposable expansion chambers and then into the 
microtiter plate. The dispensing needle is moimted on a dispensing head adapted to 
extend into a disposable expansion chamber into which the sample portion is 
condensed and then dispensed into the microtiter plate. 

The dispensing head is movable from a pickup station, where the 
expansion chambers are picked up. The expansion chambers are delivered to the 
pickup station from a dispenser assembly. The dispensing head picks up the 
expansion chambers and moves to a collection position over the microtiter plates, 
where the sample portions are dispensed into the selected well of the microtiter 
plate. The dispensing head is also movable from tiie dispensing position to a 
chanaber drop-off position, where the expansion chambers are released into a waste 
receptacle, so the dispensing needles are exposed. The dispensing head is further 
movable to a wash position at a wash station on the fiBction collection assembly, 
where the dispensing needles are washed to avoid cross-contamination between 
samples. 

In one aspect of the invention, the automated fraction collector 
assenibly includes a dispensing head movable relative to a frame along three axes 
of movement The disposing head is adapted to deposit the portion of tiie selected 
sample in a receiving well of a receiving container, wherein the receiving well has a 
one-to-one corresponding location relative to the supply well from which the 
sample was taken. 

One embodiment includes a chambered delivery assembly sized to 
contain a plurality of ejqpansion chambers and that has a deUveiy member 
positioned to deUver the expansion chambers to fhe pickup station. The chamber 
delivery system has a chamber storage portion with a plurality of the expansion 
chambers therein. A dispensing drum is rotatably mounted adjacent to the chamber 
storage portion and positioned to receive expansion chambers from the chamber 
storage portion. An engagement member is movably positioned adjacent to the 
drum to engage the expansion chamber on the dispensing drum to direct the 
expansion chamber to the pickup station. The fraction collection assembly of an 
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embodiment also includes a linse station that provides a "fluid squeegee" rinsing 
process for rinsing the dispensing needles of the dispensing head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of one portion of a multiple channel high 
5 throughput purification system with pressure regulator assemblies in accordance 
witii an embodiment of the present invention. 

Figure 2 is a schematic view of another portion of the multiple 
channel high throughput purification system of Figure 1 . 

Figure 3 is a schematic view of the multiple channel high throughput 
10 purification system of Figures 1 and 2, wherein the system has four channels. 

Figure 4 shows a side elevation view of a two-piece column of the 
purification system of Figure 3 . 

Figure 5 shows a oross-sectional view of the two-piece column taken 
substantially along line 5-5 of Figure 4. 

15 

Figure 6A shows a side elevation view of a one-piece 
chromatography column in accordance with an alternate embodiment of the 
invention. 

Figure 6B shows a cross-sectional view of the one-piece column 
20 taken substantially along line 6B-6B of Figure 6A. 

Figure 7A is a cross-sectional view of a chromatography column in 
accordance with an alternate embodiment of the invention. 

Figure 7B is a cross-sectional view of another alternate embodiment 
of a chromatography colirnm according to the iuvention. 
25 Figure 7C is a cross-sectional view of another alternative embodiment 

of a chromatography colmnn according to the invention. 

Figure 7D is a cross-sectional view of another alternate embodiment 
of a chromatography column according to the invention. 

30 Figures 8A-C show results of three chromatographic runs showing the 

improvement over prior art. 

Figure 9 is an enlarged exploded isometric view of a back pressure 
regulator assembly firom the purification system of Figure 3. 
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Figure 10 is an enlarged exploded isometric view of a back pressure 
regulator module from the assembly of Figure 9. 

Figure 1 1 is an enlarged isometric view of a regulator/motor assembly 
of the backpressure regulator module of Figure 10. 

Figure 12A is an enlarged cross-sectional view of the regulator 
assembly taken substantially along line 12-12 of Figure 11. 

Figure 12B is an enlarged cross-sectional view of an alternate nozzle 
in the regulator assembly of Figure 12A in accordance with an altemate 
embodiment. 

Figure 13 is an enlarged isometric view of a microsample valve 
assembly from the purification system of Figure 3. 

Figure 14A is an isometric view of a microsample valve from the 
assembly of Figure 13. 

Figure 14B is an enlarged, exploded isometric view of a microsample 
valve from the assembly of Figure 13 . 

Figure 15A is a plan view of a valve body of the microsample valve 

of Figure 14. 

Figure 15B is a cross-sectional view of the valve body taken 
substantially along line 15B-15B of Figure 14. 

Figure 16 is an enlarged cross-sectional view taken substantially 
along line 16-16 of Figure 14, the microsample valve being shown in a non- 
sampling position. 

Figure 17 is an enlarged cross-sectional view taken substantially 
along line 17-17 of Figure 14, the microsample valve being ^own in a samptmg 
position. 

Figure 18 is an enlarged cross-sectional view of a dispensing head 
and an expansion chamber from the purification system of Figure 3, the dispensing 
head being shown in a dispensing position. 

Figure 19 is an isometric view of an automated fraction collection 
assembly of the purification system of Figure 3 in accordance with one embodiment 
of die invention, the fraction collection assembly shown in a chamber pickup 
position. 

Figure 20 is an isometric view of the fraction collection assembly of 
Figure 19 shown in a collection position. 



wo 01/86283 PCTAJSOl/15469 

16 

Figure 21 is an enlarged partially exploded front isometric view of a 
dispenser assembly and hopper of the fraction collectioa assembly of Figure 19 
shown removed from tiie frame for purposes of clarity. 

Figure 22 is an enlarged partially exploded rear isometric view of the 
drum assembly of Figure 21. 

Figure 23 is an enlarged isometric view of a chamber feed and brake 
assembly of the drum assembly of Figure 22. 

Figure 24 is an enlarged partial isometric view of the distribution 
assembly of Figure 21 with a right alignment guide shown in a forward dispensing 
position and a left alignment guide shown in a retracted position. 

Figure 25 is a schematic view of a siq)plying microtiter plate with 
weUs for containing unpurified samples and two receiving microtiter plates for a 
target and reaction by-products that receive purified portions of the sample in a 
well-to-weU mapping process. 

Figure 26 is an isometric view of the fraction collection assembly of 
Figure 19 shown in a chamber drop-off position. 

Figure 27 is an isometric view of the fraction collection assembly of 
Figure 19 shown in a rinse position. 

Figure 28 is an enlarged cross-sectional view taken substantially 
along lines 28-28 of Figure 26 showing a rinse station of the fraction collection 
assembly. 

DETAILED DESCRIPTION OF THE INVENTION 

The structure and function of exemplary embodiments of the present 
invention can best be understood by reference to the drawings. The same reference 
numbers may appear in multiple figures. The reference niraibers refer to the same 
or corresponding structure in those figures. 

A multiple channel high throughput purification system 10 having a 
back pressure regulator assembly 55 and a pressure relief valve assembly in 
accordance with an illustrated embodiment is shown in Figures 1-3, and 
components of the system are shown in Figures 4-22. The illustrated purification 
system 10 is configured to simultaneously purify four samples 12 from a chemical 
library, wherein each sample is purified along a respective purification channel 14 
in the system. Purification in the illustrated embodiment is achieved by 
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chromatography, and more particiilarly by supercntical fluid chromatography 
(SFC), discussed ia greater detail below. 

Each channel 14 receives a selected sample from a supplying 
microtiter plate 20. Each channel 14 is coiq)led to a common analyzer, such as a 
s mass-spectrometer 16 that analyzes selected portions of the samples in accordance 
with a predetermined analysis priority protocol- In one embodiment, the analyzer 
includes a plurality of compound identification devices. In the illustrated 
embodiment, each supplyiag microtiter plate 20 includes a bar code or other 
selected symbology or tracking mechanism that provides information specific to 

10 that supplying microtiter plate. The purification system 10 includes a bar code 
reader 15 or the like that identifies the specific supplying microtiter plates 20 used 
for each purification run. 

The components of each chamel 14, including the mass spectrometer 
16 and the bar code reader 15, are coupled to a computer controller 18 that 

15 monitors and controls operation of the components during a purification run. The 
mass spectrometer 16 is also connected to a computer 17 that can provide a user 
with additional control or monitoring capabiHties during a purification run. 

Afi:er each sample 12 is analyzed by the mass spectrometer 16, a 
substantially purified sample portion is distributed directly into a corresponding 

20 well of a receiving microtiter plate 22 O^^igure 2) or another selected sample 
collector. The other portions of the sample detected by the detector, known as 
reaction by-products, are distributed directly into a corresponding well in a second 
microtiter plate 24, also illustrated in Figure 2. Accordingly, the four samples 12 
are drawn firom the supplying microtiter platis 20, purified, and each sample is 

25 deposited directly into a corresponding well location in two receiving microtiter 
plates 22 and 24, one containing the purified target compound and the other 
containing the reaction by-products. In one embodiment, the four samples are 
drawn fiom the supplying microtiter plate sequentially by the same drawing needle 
assembly. In an alternate embodiment, the four samples are drawn substantially 

30 simultaneously by a drawing assembly having four drawing needles. 

The receiving microtiter plates 22 and 24 have bar codes or the like 
on them, and a bar code reader 25 (Figure 2) is provided adjacent to the receiving 
microtiter plates. The second bar code reader 25 is also coupled to the computer 
controller 18 (Figure 1) to identify and track the samples deposited into the selected 
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wells of each microtiter plate. The purified target compounds in the nucrotiter 
plates 22 and 24 can then be screened in a selected manner in an effort to locate a 
specific target compound. 

The microliter plates 22 are securely retained in an automated fi:action 
5 collection assembly 23 coiqpled to the computer controller 18 (Figure 1). The 
firaction collection assembly 23 directs selected sample portions of either purified 
target components or purified reaction by-products to selected wells of the 
microtiter plates 22 or 24. The fi:action collection assembly 23 is automated and 
configured to pick up, clean, disposable or reusable expansion chambers in which 

10 vaporous sample portions are condensed and then delivered to the microtiter plates 
22 or 24. The fi^action collection assembly 23 includes a wash station in which 
sample dispensing needles are washed after a sample portion is delivered to the 
respective microtiter plate and before the next set of clean expansion chambers are 
picked up for delivery of the next sample portions. 

15 In the purification process of the illustrated embodiment, selected 

supplying microtiter plates 20 are identified by the bar code reader 15 and 
positioned on an autosampler 21 (Figure 1). In one embodiment, the autosampler 
21 is a Gilson 215 autosampler, manufactured by Gilson, Inc. of Middleton, 
Wisconsin. As best seen in Ike schematic diagram of Figure 3, each sample is 

20 drawn by the autosampler 21 from a selected well of a supplying microtiter plate 20 
and is fed into a sample flow path 30 of a respective one of the four channels 14. 
The four samples 12 are substantially simultaneously introduced into the respective 
purification channels 14. Although the illustrated embodiment substantially 
simultaneously purifies four samples 12, other numbers of samples can be 

25 simultaneously purified with a system in accordance with the present invention. 

As best seen in Figure 3, the sample 12 is combined witii carbon 
dioxide firom a CO2 source 29 and a modifier solvent from a solvent source 33 to 
form a carrier flow that flows through the respective channel 14 at a selected flow 
rate. The carbon dioxide flows through a heat exchanger 36 is chilled with a 

30 recalculating cooling bath 35 and is pumped via a CO2 pump 37 to a mixer 39. The 
flow of CO2 is also passed through a pulse damper to minimize any pulsation 
caused by the pump 37. The modifier solvent flows through a solvent pump 41 into 
flie mixer 39 where the solvent is mixed with the carbon dioxide. The carbon 
dioxide and solvent mixture then flows to a sample injection valve 43, where the 
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sample 12 is received from the autosampler 21 and is combined with the carrier 
flow to form the sample flow 31. 

The sample flow 31 is passed through a heat exchanger 45 at which 
time the fluid becomes supercritical, and then a separation media, such as an SFC 
colxunn 32, that spatially separates tiie sample components within the sample flow 
31. Accordingly, each sample component is spaced apart from the other 
components and separated in time as the sample flow exits the SFC column 32 and 
moves through the purification channel 14. 

In one embodiment of the invention, the column 32 is a two-piece 
column, as illustrated in Figures 4 and 5, for use in supercritical fluid 
chromatography. As best seen in Figure 4, the components of the column 32 
include an upper dilution body 400 that defines that a dilution chamber 408 therein. 
The top portion of the dilution body 400 is connected to an inlet tube 410 through 
which the sample flow 31 passes and moves into the column 32. The upper 
dilution body 400 is connected to a loading body 402 and securely retained in place 
by a top end cap 401. The dilution chamber body 400 is compressed downwardly 
by the top end cap 401 that screws extemally onto the threads of the loading body 
402. In an alternate embodiment for use in liquid chromatography, the dilution 
chamber is not needed, so the column 32 does not include the dilution body 
attached to the loading body. 

The dilution chamber body 400, the top end cap 401, and the loading 
body 402 of the illustrated embodiment are made from an inert material, such as 
stainless steel. In alternate embodiments, other inert materials can be used for 
construction of the column's components. A separation body 403 at its upper end 
is attached to the lower portion of the loading body 402. The lower end of the 
separation body 403 is securely connected to a bottom end cap 404 that connects to 
an outlet tube 412, through which the separated sample flow 31 exits the column 
32. 

As best seen in a cross-sectional view of Figure 5, the sample flow 3 1 
enters the column 32 at a top-thieaded port 505 to which an inlet tube 410 is sealed 
by an external ferrule tihat seats onto the top ferrule sealing poiut 506 in the 
threaded port. The sample flow is directed radially from tiie inlet tube 410 into the 
upper dilution chamber 408 by means of an inverted top fimnel portion 507. The 
top fimnel portion 507 is substantially conical in geometry and it defines the top of 
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the dilution chamber 408. The main body of fhe dihition chamber 408 is 
substantially cylindrical, although it can be constructed with other geometric shapes 
in alternate embodiments. The bottom of the dilution chamber 408 has an inverted 
bottom funnel portion 509 that flares radially outwardly from the dilution 
chamber's main bo^. Accordingly, the bottom funnel portion 509 flares to a lower 
opening having a greater diameter than the dilution chamber's main body. The 
lower opening of the bottom fimnel portion 509 is positioned over a top frit 510 
located below fhe dilution chamber 408. 

The dilution chamber's entire volume is void of stationary phase 
material. Dilution of the sample in the sample flow takes place in the dilution 
chamber 408 as the sample flow moves downwardly through the main body to the 
bottom fuimel portion 509, where the sample flow passes through the top fiit 510. 
The top frit 510 distributes the sample over a colimm bed 512 in a loading region 
520 directly below the top frit 510. Sealing of Ihe dilution chamber 408 is achieved 
at flie top frit 510 where the dilution chamber body 400 fits intemally into fhe 
loading body 402. 

The loading body 402 has a loading region 520 below the top fiit 510 
and a transition region 522 below the loading region. The loading and transition 
regions 520 and 522 in fhe loading body 402 are filled with a stationary phase 
material, such as cyano, that defines a column bed 512 in fhe colmnn 32. In 
alternate embodiments, other stationary phase materials can be used to form fhe 
column bed 512. The loading region 520 has an inner diameter approximately two 
or more times greater than the inner diameter of fhe separation region 524, and a 
length of approximately one-half or less than fhe length of fhe separation region. In 
the loading region 520, the sample flow traverses downwardly fhrougih the colmnn 
bed 512 into the transition region 522, which has a conical shape as defined by fhe 
loading body 402. The transition region 522 directs fhe sample flow into fhe 
separation region 524 of fhe column bed 512. 

The loading region 520 is wide but short, so fhe sample is distributed 
over the wider area of the column bed 512. Accordingly, the sample is spatially 
distributed across a larger horizontal plane, thus separating it from fhe non- 
compatible loading solvent. The colunm bed 512 has selected absorptive 
characteristics. The length of the loading region 520 and the depth of the colunm 
bed 512 provides a mininium vertical absorptive profile tiiat allows sufficient 
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absorption of the sample onto tlie stationary phase material forming the colimm 
bed. The loading region's length, however, is insnfEicient for the selected 
chromatographic separation of the sample for its given mass load and the solvent 
volume. 

Because the loading chamber or region 520 is for loading of the 
sample rather than for chromatographic separation, the loading chamber does not 
control the required flow rate for such separation. Instead, the flow rate is 
determined by the diameter of the separation region 524. Once the sample has been 
properly loaded into the loading chamber 520, the elution gradient process of the 
flow will elute the sample and pass it directly to the separation column. The 
separation region 524 has a smaller diameter than the loading region^s diameter, 
and this smaller diameter controls the flow rate for the sample for its given sample 
mass and volume. This smaller diameter allows the sample flow to be run at a 
lower rate, thereby lowering solvent consumption and solvent waste generation.The 
top of the separation body 403 is threadably attached to the bottom of the loading 
body 402 by a threaded connection and is sealed by an adjoining frit 511 
sandwiched therebetween. The separation body 403 of the illustrated embodiment 
is made of stainless steel and is shaped so the interior chamber containing the 
separation region 524 of the column bed 512 has a tapered cylindrical geometry 
with a wider upper end and a narrower lower end. The interior chamber of 
separation region 524 of the column bed 512 is filled with the stationary phase 
mat^aL The sample flow travels downwardly through the column bed 512 in the 
separation region 524 past a bottom flit 513 and onto a bottom fluid funnel 514 
formed in the bottom end cap 404. The bottom of the separation region 524 is 
sealed by the bottom end cap 404 screwed externally onto the separation body 403, 
The bottom frit 513 is sandwiched betw^een the bottom end cap 404 and the 
separation body 403. The bottom fluid firanel 514 is conical and directs the fluid 
into a bottom threaded port 516 formed in the bottom end cap 404 to which the 
ouflet tube 412 can be screwed. The outlet tube 412, when screwed into the outlet 
port 516, is sealed against the bottom end cap 404 at a bottom ferrule sealing point 
515 by use of an external ferrule. 

In an alternate embodiment illustrated in Figme 6A, the column 32 is 
a "one-piece" column. In view of the similarities between the two embodiments, 
components that are the same between the two embodiments are identified in the 
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figures by Ihe same reference numbers for purposes of clarity. The one-piece 
column is substantially llie same as the two-piece column discussed above, witb fhe 
exception that' the loading body 602 and Ihe separation body 603 are integrally 
formed from a single stainless steel unit to define a Qne-Piece Loading and 
5 Separation (OPLAS) body 617. Accordingly, the upper fiit 511 used in flie two- 
piece cohuqn is not needed and tixus omitted. 

As best seen in tiie cross-sectional view of Figure 6B, the dilution 
chamber body 400 fits internally into fhe OPLAS body 617 and is secured by the 
top end cap 401 that screws externally onto the OPLAS body. The lower end of the 

10 OPLAS body 617 screws internally into the bottom end cap 404. Accordingly, the 
loading region 520 formed in the OPLAS body 517 has a diameter approximately 
two or more times greater than the inner diameter of fhe separation region 524, and 
a length of approximately one-half or less than fhe length of the separation region. 

Jn an alternate embodiment illustrated in Figure 7 A, fhe colunm 32 is 

15 similar to the "two-piece" column discussed above and shown in Figures 4 and 5. 
The dilution chamber body 400 has a lower end 407 that sits on top of the loading 
body 402. The dilution chamber body 400 has. fhe same outer diameter as fhe outer 
diameter of the loading body 402. The top fiit 510 is sandwiched between the 
lower end 407 of the dilution chamber body 400 and fhe top of the loading body 

20 402. 

In the illustrated embodiment, a support fiit 704 is positioned above 
the top fiit 510 and immediately below the bottom fimnel portion 509 of the 
dilution chamber 408. When the dilution chamber 408 is filled with an inert 
material, such as plastic or stainless steel beads, the support fiit 704 retains the inert 

25 media within the dilution chambjsr 408. The support fiit 704 also provides support 
to fhe top fiit 5 10 to prevent it from bulging. 

In another alternate embodiment illustrated ia Figure 7B, the column 
32 is similar to fhe "one-piece" colunm discussed above and shown m Figures 6A 
and 6B. The dilution chamber body 400, however, is integrally connected to the 

30 top end cap 401 that threadably engages fhe loading body 402. The dilution 
chamber body 400 and top end cap 401 are positioned to sandwich fhe top fiit 510 
against fhe top of the loading body 402. This embodiment also includes fhe support 
fiit 704, as discussed above, positioned to retain any inert riiedia when used within 
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the dilution chamber 408 and to support the top fiit 510 against bulging. The 
loading body 402 is integrally connected to the separation body 403. 

The separation body 403 of the alternate embodiments illustrated in 
Figures 7A and 7B are shown with a generally conical-shaped separation region 
524. hi alternate embodiments, the separation region 524 can have a cyhndiical 
shape with a constant cross-sectional area along its length. 

In another embodiment of the present invention shown in Figure 7C, 
the column 32 is a staged column assembly having a dilution cohunn 740, a loading 
column 742, and a separation column 744 spaced apart from each other. The 
dilution, loading and separation columns 740, 742, and 744 are connected in series 
by sections of small-bore tubing 746. The dilution column 740 has a dilution 
chamber body 750 with a top port 752 that receives the inlet tube 410. The inlet 
port 752 is in fluid communication with a dilution chamber 754 within the dilution 
body 750, so the sample flows from die inlet tube 410, through the top port 752, 
and into the dilution chamber 754. The dilution chamber 754 can be empty, or in 
alternate embodiments, can contam inert media, such as plastic or stainless steel 
beads. The beads facilitate dilution of the sample flow as it enters the dilution 
chamber 754. The bottom of the dilution chamber body 750 has an outlet port 756 
in fluid communication with the dilution chamber 754. The outlet port 756 is 
connected to an upper section 758 of the small bore tubmg 746 to direct the sample 
flow out of the dilution cohmm 740. In the illustrated embodiment, the small bore 
tubing 746 is HPLC tubing having an inner diameter of approximately 0.010 inches, 
allboiigh other tubing can be used. 

The upper section 758 of the tubing 746 is connected to an inlet port 
760 in the loading body 762 of the loading column 742. The inlet port 760 is in 
fluid communication with a loading chamber 764 formed within the loadmg body 
762. The loading body 762 is formed by an uppeir section 765 and a lower section 
766 securely held together in axial aligmnent by a threaded top cap 767. The upper 
section 765 has the inlet port 760 and the lower section 766 has an outlet port 768 
both in fluid communication with the loading chamber 764. The top cap 767 
extends over the upper section 765 and internal threads 769 on the top cap screw 
onto external threads 770 on the lower section 766. A locking ring 771 snaps onto 
the loading body's upper section 765 over the top cap 767 to lock the top cap in 
place on the upper section. 
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The loading chamber 764 contams. a selected statiraiaiy phase 
material, such as cyano, or otha: sdected material, that defines a cohimn bed 772. 
In the illustrated embodiment the column bed 772 is contained in a guard column 
cartridge 773 having a shell portion 775 diat encases Ae column bed Frits 774 are 
contained in the guard column cartridge 773 on die top and bottom of the column 
bed 772. The ftits 774 are positioned so the sanq}le passes through diem as die 
sample flows du-ough the loading chamber 764 to die oudet port 768. In alternate 
embodiments, the loading column 742 does not use the guard column cartridge 773. 
The column bed 772 is packed direcfly into the loading chamber 764 and die fiits 
774 are positioned on the top and bottom of the cohmm bed. 

The loading chamber 764 has a volume defined by the diameter and 
the length that contains a selected volume of the packing material to provide a 
vertical absorption profile diat allows die fiill sample to be loaded into the loading 
column 742. The loading chamber's length, however, is insufficient to 
chromatographically separate flie sample. As a result die loading chamber 764 can 
receive large samples and spatially distribute the sample across a larger horizontal 
plane so as to separate die sample firom noncompatible loading solvent 

The oudet port 768 of the loading body 762 is connected to a lower 
section 776 of die small bore tubii^ 746 that carries the sample flow away fix)m 
loading column 742. The tubmg*s lower section 776 is connected to an inlet port 
778 in a filter 780. The filter 780 is connected to an inlet port 781 in a separation 
body of the separation column 744. In an alternative embodimrait, the filter 780 is 
not used, so the tubing's lower section 776 is connected directiy to die separation 
body's inlet port 778. 

The separation body 782 has an elongated separation chamber 784 in 
fluid communication with the inlet port 781 to receive die sample flow. The 
separation chamber 784 contains a selected separation media forming the column 
bed 787 through which die sample flow fravels and wherein the sample's 
components are chromatographically separated. The separation chamber 784 has a 
diameter that is approximately 1/2 or less than the diameter of loading chamber 
764, and a length tiiat is two or more times the loading chamber's lengdi. The 
sample flow rate is determined by tiie diameter of the separation chamber 784, The 
separation chamber 784 of die illustrated embodiment has a cylindrical shape with a 
substantially continuous cross-sectional area along it lengdi. Alternate 
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embodiments can have a separation chamber 784 that tapers to a smaller diameter at 
its bottom end. 

The bottom end of the sepai'ation body 782 is connected to a bottom 
end cap 786 with an outlet port 788 therein in fluid coimection with the separation 
chamber 784. The outlet port 788 is connected to the outlet tube 412 so as to 
receive the separated sample flow exiting the separation column 782, 

The staged column assembly utilizes the benefit of the large diameter 
loading column 742 that can handle increased solvent loading, and the smaller 
diameter separation column 744 that allows for the desired high-volume throughput 
while achieving the selected chromatographic separation. Accordingly, a large bore 
column is not needed to. achieve the desired separation results. 

In another alternate embodiment illustrated in Figure 7D, the colimm 
32 is a staged column assembly similar to the embodiment discussed above and 
Htustrated in Figure 7C, except the assembly does not have a dilution chamber 
spaced apart firom the loading column. The dilution chamber 790 is provided in the 
loading column 742. The loading column 742 is connected at its inlet port 760 to 
the inlet tube 410. The loading column 742 contains an annular spacer 792 
sandwiched between the loading body's upper section 765 and the top of the guard 
colunm cartridge 773. The annular spBCor 792 has an open center area 794 in fluid 
communication wifli the inlet port 760 and the guard column cartridge 773 with the 
column bed 772 tiierein. The spacer's open center area 794 defines the dilution 
chamber 790 that receives the sample flow before the sample flow is loaded onto 
the colmnn bed 772. Accordingly, the dilution chamber 790 and loading chamber 
764 are integrally connected in tlie same stage of the stage column assembly. In the 
illustrated embodiment, the dilution chamber 790 is empty so as to form a void 
above the loading chamber 764. hi an alternate embodiment, inert beads or other 
material can be contained in the dilution chamber 790. 

In this alternate embodiment, the loading chamber 764 contains 
selected stationary phase material foiming the column bed 772 within the guard 
colunm cartridge 773, as discussed above, and the frits 774 sandwich the column 
bed therebetween, hi an alternate embodiment, the guard column cartridge 773 is 
not used and the colunm bed 772 and fiits 774 are packed dhectly in the loading 
chamber 764. 
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The loading body's lower section 766 has the outiet port 768 as 
discussed above connected to a segment of the small bore HPLC tubing 746 
receives the sample flow from tiie loading chamber 764. The small bore tubing 746 
is comiected to the inlet port 778 of the filter 780 as discussed above in connection 
5 with the embodiment illustrated in Figure 7C. 

Figures 8A-C show graphical results from three chromotographic runs 
showing improvement over the prior art provided by the column 32 in accordance 
with the present invention. All three chroinotographic runs were injected with the 
same mass loading of a three-compound mixture and run xmder the same 
10 chromotographic conditions. Run 200 (Figure 8A) shows the separation results 
using a single prior art column iujected with a small volume solvent mixture. Run 
201 (Figure 8B) shows the separation results using the same prior art single colinnn 
as in run 200, wherein the prior art colunm was injected with a large volume 
solvent mixture. Run 202 (Figure 8C) shows the separation results using a two-part 
15 column 32 in accordance with an embodiment of the present invention as discussed 
above. Run 202 was injected with the same large volume solvent mixture as 
run 201, 

The first portions of the column 32 (e.g., the loading and transition 
portions) halve a larger inner diameter than the column's second portion (the 

20 separation region) and a shorts length than the column's second portion. 
Accordingly, the column 32 in accordance with the present invention can handle 
large volume solvent mixtures with multiple compounds and provide highly 
accurate separation and detection of the different compounds, such as by use of a 
mass spectrometer or the like. This accuracy in conjunction with corresponding 

25 speed for handling large volume solvent mixtures wifli multiple conipounds 
provides a faster and more efficient processing capability. 

Referring again to Figure 3, the sample flow 3 1 exits the SFC column 
32, flows through another heat exchanger 47, and flows to a detector 34. The 
detector 34 is adapted to detect the different components or peaks in the sample 

30 flow 31 that have been separated from each other by the SFC column 32. In the 
illustrated embodiment, the detectors 34 are ultraviolet light (UV) detectors. While 
UV detectors are used in the illustrated embodiment, other detectors can be used, 
such as infrared (JR) detectors or any other suitable detector capable of identifying 
a peak within the sample flow 31. 
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Each detector 34 is coupled to the common computer controller 18. 
When the detector 34 identifies a peak, the detector provides a signal to the 
computer controller 18 indicating the peak. Because the sample flow rate is known 
in each channel 14, the computer controller 18 can calculate the location of each 
peak wifliin each channel 14 as the sample flow 31 moves through the channel. As 
an example, when two peaks are detected in the same sample flow 31, the computer 
controller 18 calculates and monitors where those peaks are within the channel 14. 
The computer controller 18 also calculates where the peaks are relative to each 
other during the entire purification process. 

As the sample flow 3 1 moves through the purification channel, it is in 
a vaporous state. After the sample flow 3 1 exits the detector 34, additional solvent, 
referred to as makeup solvent 49, is added to the sample flow as needed to increase 
the volume of liquid in the sample flow to facilitate transport of the sample to the 
fi-action collector assembly (discussed below). The makeup solvent 49 is pumped 
firom a solvent container by solvent pumps 51 into the respective purification 
chaimel 14. The solvent container and the solvent pumps 51 are each coupled to 
the computer controller 18 so the computer controller can monitor the solvent 
volumes used and can control the solvent pumps as necessary for the selected 
purification nm. The computer controller 18 also monitors the amount of makeup 
solvent 49 needed within the purification channel during a run, so it can detect if a 
potential problem arises, and can provide an alarm or other warning to an operator 
of the system. 

After any of the makeup solvent 49 is added to tiie sample flow 31, 
the sample flow passes throu^ a back pressure regulator module S3 in a back 
pressure regulator assembly 55. The back pressure regulator module 53 detects and 
controls the back pressure within the channel 14 to Tnaintain the desired pressure 
within the channel. 

As best seen in Figure 9, the back pressure regulator assembly 55 
includes a housing 900 that removably retains four back pressure regulator modules 
53, one for each purification channel 14. The assembly 55 also includes a 
cormnunication panel 902 to which the back pressure regulator modules 53 attach 
for commimication to and from the computer controller 18 (Figure 3). The modules 
53 plug into the housing 900 and onto the commimication panel 902. Accordingly, 
if a new or substitute module 53 is needed in the purification system, it can be 
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installed quickly and easily iq)on unplugging one module and plugging in the 
replacement module. 

As best seen in Figure 10, the pressure regulator module 53 includes a 
housing 1002 that contains and protects a regulator assembly 1004. The regulator 

s assembly 1004 controls the back pressure in the sample flow as it moves through 
the respective purificatiott channel 14, The regulator assembly 1004 is electrically 
coimected to a stepper motor controller 1006 which activates and adjusts the 
regulator assembly as needed during a purification run. The stepper motor 
controller 1006 is connected to a printed circuit board 1008 which also attaches to 

10 the housing 1002. The printed circuit board 1008 includes a plurality of connectors 
1010 that releasably plug into the communication panel 902 (Figure 9) of the 
regulator assembly. Accordingly, communication to and from the computer 
controller 18 is provided to the pressure regulator module 53 tiirough the printed 
circuit board and to the regulator assembly 1004 via the stepper motor controller 

15 1006. 

The pressure regulator module 53 also includes a front faceplate 1012 
that mounts to the housing 1002, The fi-ont faceplate 1012 has an inlet port 1014 
into which the tubing of the purification channel extends so as to allow the sample 
flow 31 to pass into the pressure regulator module 53. The sample flow passes 

20 through a pressure sensor 1013, which is also coupled to the printed circuit board 
1008, so as to identify the sample flow's pressure. After the sample flow 31 enters 
the regulator assembly 1004 and the sample flow's pressure is modified as needed, 
as discussed in greater detail below, the sample flow exits the pressure regulator 
module 53 through an outlet port 1018 on the front faceplate 1012. 

25 As best seen in Figures 11 and 12, the regulator assembly 1004 

includes a stepper motor 1100 having wiring 1102 that connects to the stepper 
motor controller 1006 (Figure 10). The stepper motor 1100 is connected to a motor 
mount 1104 that interconnects the stepper motor to a back pressure regulator 1106. 
The back pressure regulator 1106 is securely retained to the stepper motor 1100 by 

30 a plurality of mounting screws 1 108 tiiat extend du^ough the motor mount 1 104 and 
screw into die housing of the stepper motor 1 100. 

The regulator assembly 1004 also includes a heater 1110 adapted to 
heat the sample flow 31 within the purification channel's tubing so as to prevent 
formation of ice crystals or the like that may occur as a result of pressure 
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differentials occuning across the pressure regulator. The heater 1110 includes a 
heat transfer body 1112 that extends over the back pressure regulator 1106 and a 
heater band 11 14 clamped onto the heat transfer body by a band clamp 11 16. The 
heater band 11 14 is coupled to the computer controller 18 to allow the heater band 
to regulate its temperature to provide different heating configurations to the back 
pressure regulator during a purification run. The heat transfer body 1 1 12 includes a 
temperature sensor 1118 that monitors the temperature of the heat transfer body 
during the purification run. The temperature sensor 1118 is coupled to the 
computer controller 18 (Figure 3) so the computer controller can regulate the heat 
provided fi"om the heater band 1114 as needed during operation of the regulator 
assembly 1004. The heater 1110 is controlled to prevent formation of ice or 
crystals in the pressure regulator 1 106. 

As best seen in Figure 12A, the regulator 1106 has a flow filter 1250 
that receives the purification tube 1201 carrying the sample flow 31, The flow 
filter 1250 includes a fiit 1252 or other filtering member positioned in the path of 
sample flow 31. The sample flow 31 passes through the fiit 1252, and the fiit 
filters out any particulates ia the sample flow before the flow progresses tiurough 
the regulator 1106. The flow filter 1250 has a connector end 1254 that extends into 
and is securely received by an inlet port 1200 that receives the filtered sample flow 
3 1. In an alternate embodiment, the flow filter 1250 is not used, so the purification 
tube entering the regulator 1 106 extends direcfly into the inlet port 1200. 

The inlet port 1200 has an inlet channel 1202 that communicates with 
a no2zle 1204 positioned below the inlet port. The nozzle 1204 in the illustrated 
embodiment is a ceramic component having a diamond coating so as to provide an 
extremely hard, erosion-resistant, and durable nozzle within the regulator. The 
nozzle 1204 is exposed to very harsh conditions, including caustic solvents and 
pressures of approximately 2000 psi or greater. The inlet port 1200 is thr^adably 
connected to the nozzle retainer 1205 so the inlet port is easily removable to 
provide access to the nozzle 1204 if replacement of a nozzle is necessary. 

The nozzle 1204 includes an inlet channel 1211 extending 
therethrough that communicates with a very small chamber that receives the sample 
flow 31 from the nozzle's inlet channel. The lower end of the inlet channel 1211 
forms a nozzle orifice through which the sample flow passes. A stem 1208 
positioned below . the nozzle 1204 extends through a seal 1210, into the small 
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chamber 1206, and terminates umnediately adjacent to the nozzle orifice at the 
lower end of the Met channel 1211. The stem 1208 is moveable relative to &e 
nozzle orifice so as to adjustably close the flow path through the regulator 1206. In 
the illustrated embodiment the stem 1208 is a sapphire stem. In alternate 
5 embodiments, the stem 1208 can be made of odier very hard, erosion-resistant, 
materials, such as diamond, ruby or the like. The stem 1208 is moveable relative to 
the nozzle 1204 to adjust the opening size so as to regulate the pressure of the 
sample flow 31. 

As best seen in Figure 12B, the nozzle 1204 in an alternate 

10 embodiment has a nozzle body 1281 and a nozzle insert 1280 retained in a 
cavity 1282 fonned in the nozzle body's lower end 1283 facing the stem 1208 
(Figure 12A). The nozzle insert 1280 of the illustrated embodiment is retained in 
the cavity by a rolled crimp fonned in the lower end of the nozzle body 1281. The 
nozzle insert 1280 in another embodiment can be retained in other suitable ways to 

15 securely hold the insert in place in the nozzle's cavity. 

The nozzle insert 1280 is made of a very hard, erosion-resistant 
material such as sapphire, ruby, diamond or other suitable material that exhibits 
sufficient hardness and erosion resistance. In one embodiment, the nozzle 
body 1281 is made of a ceramic component, and the nozzle insert 1280 is sapphire. 

20 The nozzle insert has an ap^ture 1284 aligned with the inlet chaonel 1211 in the 
nozzle body. The lower end of the aperture 1284 forms the noz2le orifice through 
which the sample flow passes. 

The sample flow 31 moves firom the nozzle 1204 through the orifice 
and into an outiet channel 1212 that is in fluid communication with the small 

25 chamber 1206. The outiet channel . 12 12 extends through an outiet port 1214 that 
receives the exit tube 1201 therein so as to carry the sample flow 31 out of the 
regulator 1106. The exit tube 1201 extends from tiie outiet port 1214 and wraps 
around the heat transfer body 1112 approximately two times so the exit tube is 
heated, thereby preventing the formation of ice crystals within the purification tube 

30 and condensation on the outside of the exit tube. The purification tube 1201 then 
extends from the heat transfer body 1112 away from the regulator assembly and to 
the outiet port 1018 on the regulator module's faceplate 1012 (Figure 10) as 
discussed above. 
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In the illustrated embodiment, the stem 1208 is a sapphire stem 
having hardness and erosion-resistance characteristics suitable for use in the high 
pressure and harsh environment within the regulator assembly 1004. The sapphire 
stem 1208 is connected at its lower end to a rod 1218 movably positioned within a 
5 holding member 1220 having a threaded lower end. The holding member 1220 
contains a biasing member 1222, such as BellviUe washers, wave washers, or the 
like, that bias the rod 1218 and the stem 1208 toward the nozzle 1204. When the 
stem 1208 directly engages the nozzle 1204 and additional force is exerted on the 
stem, the biasing member 1222 will be compressed so as to avoid damaging the 

10 sapphire stem 1208 or the nozzle 1204 during operation. The biasing member 
1222, however, has a sufficient spring stiffiiess so it is not compressed during 
normal pressures of the sample flow wilhin the tubing of the purification channel 
14 during a purification run. 

Adjustment of the regulator assembly 1106 is provided by dual 

15 concentric screws that move the stem 1208 relative to the nozzle 1204. As best 
seen in Figure 12, the holding member 1220 is threaded into internal threads 1230 
formed in a shaft 1224 of an adjustment screw 1226. In the illustrated embodiment, 
the internal threads 1230 have a pitch of 28 threads per inch (tpi). The adjustment 
screw's shaft 1224 also has external threads 1232 that screw into a threaded 

20 aperture in the regulator body 1106. In the illustrated embodiment, the external 
threads 1232 have a pitch of 27 tpi. Accordingly, the extemal threads 1232 of the 
adjustment screw 1226 have a thread pitch different than the pitch value of the 
intemal threads 1230. The internal and extemal flireads 1230 and 1232 are both 
right-handed pitch threads oriented m opposing directions so as to form the dual 

25 concentric adjustment screw configuration for attenuated movement of the stem 
1208 relative to the nozzle 1204 for each turn of the adjustment screw. 

The adjustment screw 1226 has an intemal driving spline 1234 that 
securely engages a drive spline 1236 on the stepper motor 1100. The drive spline 
1236 is press fit into the intemal driving spline 1234. When the stepper motor 1 100 

30 is activated by the computer controller 18 (not shown), the driving spline 1236 
rotates, thereby rotating the adjustment screw 1226. As the adjustment screw 1226 
rotates one revolution, the dual concentric screw configuration counteracts the 
range of motion of the holding member 1228, and thus the stem 1208. As an 
example, if the stepper motor 1100 rotates the adjustment screw one full revolution. 
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the holding member 1220 moves only one pitch value because of the pitch 
differentiation between the internal and external threads 1230 and 1232. 

In one embodiment, one revolution of tiie adjustment sorew along &e 
external threads 1232 would move the adjustment screw 1226 and the holding 
member 1220 approximately 0.0373 inches. The internal tinreads 1230, however, 
move in the opposite direction approximately 0.03571 inches, resulting in a net 
movement of approximately 0.0013 inches. Accordingly, the dual concentric screw 
configuration within the regulator 1106 provides for extremely accurate and fine 
adjustments of the stem 1208 relative to the nozzle 1204 to closely control pressure 
regulation within the sample flow 31 as it passes through the back pressure 
regulator assembly 1004. 

The back pressure regulator 1004 is formed with a minimum amount 
of dead volume and unswept volume within the purification channel extending 
therethrough to prevent or minimize the risk of cross-contamination between 
purification runs for different samples. The back pressure regulator assembly is 
constructed with extremely dmable components that will withstand the harsh 
environments experienced during the purification run at very high pressures, while 
providing sufficient safety charact^tics to avoid damaging the back pressure 
regulator in the event of pressure spikes or the like. 

In one embodiment, the stepper motor includes a rotational stop 1238 
that prevents travel of the drive spline 1236 and, thus, rotation of the adjustment 
screw 1226 past a selected position relative to the regulator. The travel stop 1238 is 
positioned to block the stepper motor firom driving the adjustment screw 1226 too 
far after the stem 1208 has engaged the nozzle 1204, thereby preventing ihie dual 
concentric threads firom binding as a result of overdriving by Ihe stepper motor. 

The illustrated embodiment of the purification system utilizes the 
regulator assembly with the dual concentric screw configuration controlled by the 
computer controller 18. In altemate embodiments, the pressure regulator assembly 
53 can be a stand alone regulator with selected control mechanisms. 

As best seen in Figure 3, the sample flow 3 1 travels firom tiie pressure 
regulator assembly 55 to the microsample valye 38. The microsample valve 38 is 
operatively connected to the computer controller 18 and is activated by the 
computer controller when a peak in the sample flow 31 is moving past the 
microsample valve. Upon activation, the microsample valve 38 diverts a sampling 
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from the sample flow 31 and directs it to the mass spectrometer 16 for analysis. 
The remaining portion of the sample flow 31 continues along the flow path of the 
respective channel 14 substantially umnterrupted. Each microsample valve 38 is 
activated so the sampling contains a selected portion of just the peak. The mass 
5 spectrometer. 16 analyzes the sampling and determines whether the peak is a target 
compound or not. 

As tiie four sample flows 31 moves simultaneously through die 
respective channels 14 and through the detectors 34, the peaks from the four 
channels will likely occur at separate times during the sample runs. Accordingly, 

10 the mass spectrometer 16 usually receives the samplings from the four channels 
with some time between the samplings. In some cases, however, two or more 
detectors 34 may detect a peak in its sample flow at the same time or at overlapping 
times during the sample run. The computer controller 18 is programmed with an 
analysis priority protocol that controls the activation sequence of the microsample 

15 valve 38 when peaks in the different channels 14 occur at the same time or 
overlapping times. Accordingly, the priority protocol controls the timing of when 
the samphngs of the peaks are diverted to the mass spectrometer 16, so each peak 
can be analyzed separately by die same analyzer. In one embodiment, when a peak 
from separate channels 14 are detected simultaneously, the computer controller 18 

20 activates the microsample valves 38 at difTerent times so samplings of the 
respective peaks are sequentially directed to the mass spectrometer 16. Activation 
of each microsample valve 38 can be controlled revising the computer 
controller's analysis priority protocol to provide sequential sampling. 

As best seen in Figure 13, the four microsanq)le valves 38 are part of 

25 a microsample valve assembly 1300 that has four valve modules 1302. Each valve 
module 1302 contains a microsample valve 38 for its respective purification 
channel 14. The valve modules 1302 are removably received by a housing 1304 
and plug into connectors coupled to a communication panel 1306. The 
communication panel 1306 is, in turn, coupled to the computer controller 18 (not 

30 shown), so the computer controller can control the activation of each microsample 
valve 38. 

As best seen in Figures 14A and 14B, each valve module 1302 
includes a faceplate 1400 and opposing side plates 1402 tiiat securely engage the 
microsample valve 38. The faceplate 1400 has an inlet port 1404 and an outlet port 
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1406 that receive the purification channers tubing and direct the sample flow into 
and out of the valve module 38. 

The microsample valve 38 includes a valve body 1408 positioned 
between a pair of electromagnetic solenoids 1410. The solenoids 1410 are 
activatable by the computer controller 18 (not shown) to control activation of the 
microsample valve, as discussed in detail below. The solenoids 1410 are each 
sandwiched between the valve bo<fy 1408 and. outer mounting plates 1414, and 
mounting screws 1416 secure the outer mounting plates to flie valve body. 

As best seen in Figures 15 A- 17, the valve body 1408 has a sample 
inlet port 1502, a sample outlet port 1504 (Figures 15A and 15B), a solvent inlet 
port 1506, and a flow ouflet port 1508. The solvent inlet port 1506 is axially 
misaligned with the flow outlet port 1508. The flow outlet port 1508 is in fluid 
communication with the mass spectrometer 16, so fluid exiting the microsample 
valve 38 through the flow outlet port is carried to the mass spectrometer 16 
(Figure 3). The microsample valve 38 has a stem 1510 slidably disposed within an 
interior chamber 1512 in the valve body 1408. The stem 1510 slidably extends 
through the valve body 1408 and is connected at opposite ends to the 
electromagnetic solenoids 1410. The solenoids 1410 control the stem's axial 
position within the valve body 1408. The solenoids 1410 are connected to the 
computer controUer 18 (Figure 3), so the computer controller can control or adjust 
the stem's axial position. Upper and lower seals 1514 are positioned within the 
valve body 1408 adjacent to the solenoids 1410, and a center plastic sleeve 1516 
extends between the upper and lower seals. The stem 1510 extends through the 
upper and lower seals 1514 and the plastic sleeve 1516 such that a fluid-tight seal is 
formed therebetween. In the illustrated embodiment, the stem 1510 is press fit mto 
the plastic sleeve 1516, thereby preventing dead space around the stem. 

As best seen in Figures 16 and 17, the stem 1510 has a through hole 
1518 in fluid communication with the flow outlet port 1508 and to the mass 
spectrometer 16. The stem 1510 also has an axial groove 1520 on tiie outflow side 
of the valve body 1408 and in fluid communication with the flow outlet port 1508. 
The axial groove 1520 extends upwardly from the through hole 1518, along the 
stem's surface, and is sized to direct the fluid flow upwardly from the through hole 
along the groove between the stem's surface and the center plastic sleeve 1516. 
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The through hole 1518 is shaped and sized to allow either a flow of carrier solvent 
or a sampling of a peak from the sample flow to pass toward the mass spectrometo* 
16. 

Referring now between Figures 3, 15 and 16, the solvent inlet port 
1506 (Figures 15 and 16) is connected to a carrier solvent line 1602 that connects to 
a carrier solvent source 1604 (Figure 3) and a carrier solvent pump 1606. The 
carrier solvent pump 1606 is also coupled to the computer controller 18 that 
controls the flow of carrier solvent to the microsample valves 38. A substantially 
continuous flow of carrier solvent is provided to the microsample valves 38 during 
a purification run. In the illustrated embodiment, the carrier solvent line 1602 
connects to aU four microsample valves 38 in series, so the carrier solvent will flow 
through all of the microsample valves and to the mass spectrometer 16. 
Accordingly, the carrier solvent enters the first microsample valve 38 through the 
solvent inlet port 1506 (Figures 15 and 16), exits through the flow outlet port 1508 
(Figure 16), back into the carrier solvent line 1602, and flows into the next 
microsample valve through its solvent inlet port. The flow continues fiurough each 
microsample valve 38 and then to the mass spectrometer 16. 

The microsample valve 38 in each purification channel 14 also has a 
continuous flow of the sample flow 31 passing through it The sample flow 31 
enters the microsample valve 38 through the sample inlet port 1502 (Figures 15 and 
16), through a sample line 1522 extending through the valve body 1408 
immediately adjacent to the stem 1510, and but through tiie sample ouflet port 
1504. Accordingly, the sample flow 31 in the illustrated embodiment is transverse 
to the flow of the carrier solvent 

When the microsample valve 38 is in a lowered normal position, 
shown in Figure 16, the through hole 1518 is below and out of communication with 
the sample flow 31. The stem 1510 blocks the sJample flow 31 from passing 
through the flow outlet port 1508 to the mass spectrometer 16 (Figure 3). When the 
stem 1510 is in the lowered position, a continuous flow of carrier solvent passes 
into the valve body 1408 through the solvent inlet port 1506, through the through 
hole 1518, up the axial groove 1520, and out of the valve body 1408 through the 
flow outietport 1508 toward the mass spectrometer 16. 

During normal use, when a peak has not been identified, the 
microsample valve 38 remaias in this lowered normal position, so only the carrier 
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solvent flows tiirough the microsample valves to the mass spectrometer 16. When 
the detector 34 (Figure 3) detects a peak in the sample flow 31 and the computer 
controller 18 activates the microsample valve 38, the solenoids 1410 immediately 
move Ike stem 15 10 axially firom the lowered position to a raised sampling position, 
5 shown m Figure 17. In this raised sampling position, flie through hole 1518 in the 
stem 1510 is in fluid communication with the sample line 1522 through which the 
sample flow 31 travels between the sample inlet and outlet ports 1502 and 1504. 
Accordingly, the flow of carrier solvent is temporarily intenupted and a small 
sampling of the peak traveling through the sample line 1522 is diverted from the 

10 sample line, through the through hole 1518 to the flow outlet port 1508, and into 
the carrier line at the location where the carrier solvent flow was interrupted. The 
sampling then flows to the mass spectrometer 16 (Figure 3) for analysis. 

As the peak is moving past the through hole 1518 at a selected time, 
as determined by the computer controller 18, the stem 1510 is switched back to the 

15 lowered position (Figure 16). The solenoids 1410 are activated, thereby 
immediately moving the stem 1510 axially to the lowered position, so the only part 
of the sample flow 31 received by the mass spectrometer 16 for analysis is the 
sampling of the peak. When the stem 1510 is retumed to the lowered position, the 
flow of the carrier solvent to the mass spectrometer 16 is resumed. Therefore, the 

20 mass spectrometer 16 receives a continuous flow of fluid, and the samplings are 
effectively inserted as segments of that continuous flow when the microsample 
valve 38 is activated. 

The axial movement of the stem 1510 between the lowered position 
and the raised sampling position allows for an extremely fast switching between 

25 positions, thereby providing for small yet highly accurate samplings of the selected 
portion of the sample flow. In the illustrated embodiment, tiie microsample valve 
28 is configured to be switched from the normal lowered position, to the raised 
sampling position and back to the normal lowered position within a time period of 
approximately 15 to 100 milliseconds, inclusive. In one embodiment the time 

30 period is less than 20 milUseconds, so as to divert sample volumes as small as 
approximately 2 pico liters or less to the mass spectrometer 16. In an alternate 
embodiment, the microsample valve 28 is configured to be moveable from the 
normal lowered position, to the raised sampling position and back to the normal 
lowered position in one second or less. This extremely fast switchiag also 
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minimizes tiie chance of cross-contamination within the valve body between 
samplings of a plurality of peaks within the sample flow. 

The microsample valve 38 is designed and constructed so the flow 
paths through the valve body 1408 and the stem 1510 provide virtually no dead 
space or imswept volumes that could cause cross-contamination between different 
samples flowing through the microsample valve. Accordingly, the microsample 
valve 38 allows for very accurate results in tiie purification process. The 
microsample valve 38 is also configured to quickly take the small sample portions 
fi:om the sample flow, thereby minimizing the pressure drop in the sample flow 
across the microsample valve 38. In the illustrated embodiment, the pressure drop 
across the microsample valve is less dian approximately 50 psi. 

As best illustrated in Figure 3, the sample flow 31 in each chaimel 14 
moves firom the microsample valve 38 to a pressure relief valve assembly 41 that 
controls the pressure within the flow downstream of the microsample valve. In the 
illustrated embodiment, die pressure relief valve assembly 41 has the same 
construction as the back pressure regulator assembly 55 discussed above, except 
tibiat die heaters are not provided on the back pressure regulator valve. In alternate 
embodiments, the heaters can be used if needed as a result of ice formation or 
larger pressure drops experienced in the system. In other altemate embodiments, 
other back pressure regulators can be used, provided they are durable enough and 
provide sufficient pressure control for the purification valve. 

The use of the pressure relief valve 41 allows the flow volume to the 
analyzer to be very small because of either use of a small bore capillary to the 
analyzer or an active back-pressure regulator. Accordingly, the pressure 
differential is reduced and the flow volume to the mass spectrometer 16 is reduced. 

The sample flow 31 exits the pressure relief valve assembly 41 and 
flows to two flow directing valves, referred to as a fraction collection valve 
assemblies 40 with first and second collection valves 40a and 40b for each channel. 
Each fraction collection valve assembly 40 has, for each channel, one inlet port 42, 
two outiet ports 44 and 46 for collection, and a waste port 47. The inlet port 42 is 
coupled to both of the first and second collection valves 40a and 40b, and each 
outiet port 44 and 46 is connected to a respective one of the first or second 
collection valves. Each of the first and second collection valves 40a and 40b are 
also operatively coupled to the computer controller 18. When a portion of the 
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sample flow 31 containing a peak enters tiie fraction collection valve assembly 40 
tiirough the inlet port 42, as identified by the computer controller 18, the computer 
controller activates flie first or second fraction collection valve 40a and 40b to 
control whether llie peak in the sample flow is directed out of the first outlet port 44 
5 or the second outlet port 46. 

If the mass spectrometer 16 determines tiiat the peak is tiie target 
compound, the computer controller 18 activates the first collection valve 40a, so tiie 
collection valve moves to a first position. In this position, the sample portion 
containing the peak is directed out of the first collection valve 40 through llie first 

10 oullet valve 44. The sample portion is directed to a fraction collector assembly 43 
and is collected directly into a predetermined location in a selected well of die first 
receiving microtiter plate 22. 

When a portion of a sample flow containing a peak passes through the 
fraction collection valve assembly 40, and that peak is a reaction by-product ratiier 

15 than the target compound, the second collection valve 40b is switched to direct a 
portion of the sample flow through the second outiet port 46. This portion of the 
sample flow 31 exits the second outiet port 46, passes through the fraction 
collection assembly 43 and is collected direcfly iato a selected well of the second 
receiving microtiter plate 24. When a portion of the sample flow 3 1 passes through 

20 the fi:action collection valve and that portion does not contain any peaks, tiie sample 
flow passes through the waste outiet 47 and is carried to a waste receptacle 52. 

The purification system 10 of the exemplary embodiment allows the 
purified samples to be automatically dispensed into selected wells 2024 of the 
receiving microtiter plate 22 or 24. Each purified portion of the sample is 

25 dispensed into a well 2024 having the same relative location in the receiving 
microtiter plate 22 or 24 as the well in the supplying microtiter plate 20 from ^ch 
flie sample was initially drawn to begia the purification nm. As an example, 
referring to Figure 25, the supplying microtiter plate 20 and each receiving 
microtiter plate 22 and 24 have a rectangular array of ninety-six wells 2024. Each 

30 well 2024 has a well address defined by its position relative to the rows (A-H) and 
columns (1-12) the array of weUs. Accordingly, the well address of the well 2024 
in the upper lefl: comer of each plate as shown in Figure 25 has an address of Al, 
and the well in the lower right comer has an address of H12. 
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lofonnation about each sample in each well 2024 of the supplying 
microtiter plate 20 is known prior to the purification run. When the sample from, 
as an exanqile, well Al is drawn out of the supplying microtiter plate 20 and run 
through the purification system 10, the purified portion of the sample containing the 
target compound is deposited directly into the corresponding well Al of the target 
receiving microtiter plate 22. The purified reaction by-products from that same 
sample are deposited directiy into well Al of the by-product receiving microtiter 
plate 24. Therefore, the purified target compound is deposited directly into a well 
having a one-to-one corresponding well address as the original sample well. 
Similarly, the reaction by-products are deposited directiy into a well having a 
corresponding one-to-one well address and the second receiving microtiter plate. 

This one-to-one mapping of wells 2024 aud direct depositing of the 
target compounds into a selected weU of a receiving microtiter plate 22 or 24 allows 
for easy tracking of information regarding the samples, the purified targets, and the 
purified reaction by-products. The one-to-one mapping and direct depositing 
avoids further processing and fonnattiag before the purified target compounds are 
put into nucrotiter plates. Accordingly, the efficiency of the purification process is 
increased and the time and cost requirements are decreased. In addition, receivhig 
microtiter plate 22 or 24 is labeled with, as an example, a bar code so information 
about the purified components in each receiving microtiter plate is easy to track and 
maintaiiL 

This purification system 10 of the illustrated embodhnent results in 
the collection of purified conq)ounds having an 85% purity or better. It is 
preferred, of course, to provide samples having purity as close to 100% pure as 
possible. Upon collection of the purified target compounds in the receiving 
microtiter plate 22, these purified target compounds are ready for a screening 
process or other selected process. 

As best seen in Figures 19 and 20, the fraction collector assembly 43 
includes a frame 2000 and expansion chamber dispensing assembly 2001 at one end 
of the frame. A docking station 2002 is supported at the otiier end of the frame and 
is positioned to removably receive the receiving microtiter plates 22 and 24. The 
docking station 2002 includes an array of indicators coupled to the computer 
controller and positioned to prompt the operator where to place the receivuig 
microtiter plates 22 or 24 on the docking station. In an alternate embodiaxent. 
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sensors are positioned to detect the location of each receiving nricrotiter plate 22 or 
24 when it is placed on the docldng station 2002. The fraction collector assembly 
43 also includes a dispensing head 2004 that travels along rails 2005, 2006 and 
2007 mounted to the frame 2000 for movement along three axes of movement (X, 
Y and Z) relative to the frame between several operating positions. Accordingly, 
the dispensing head 2004 can move fore/aft m the Z-axis along one rail 2006, 
lefi/right in flie X-axis along another rail 2007, and up/down m the Y-axis along the 
third rail 2005. This 3-axis movement allows for accurate positioning of the 
dispensing head 2004 during the fraction collection process, as discussed below. 

As seen in Figure 21, the dispensmg assembly 2001 includes a 
housing 2102 formed by a back wall 2104, left and right sidewalk 2106 and 2108. 
The right sidewall 2108 is a straight vertical wall and the left sidewaU 2106 is 
contoured with a middle angled support portion 2112. Accordingly, the back wall 
2104 and the left and right sidewalls 2106 and 2108 define an asymmetric receiving 
area 2113. The asymmetric receiving area 2113 remo's^ly retains an asymmetric 
hopper 2008 that contains clean disposable or reusable expansion chambers 2010, 
When the hopper 2008 is in the receiving area 21 13, a lower left panel 2016 of the 
hopper is positioned on the left sidewall's angled support panel 2012. Accordingly, 
the hopper 2008 has a corresponding asymmetric shape as the receivmg area 2113. 

The hopper 2008 of the illustrated embodiment is an asymmetric bin 
formed by a plurality of perforated panels 2114. The perforated panels 2114 of the 
illustrated embodiment are stainless steel panels, although other materials can be 
used. The hopper's perforated panel 2114 facing the housing's forward waU 2110 
has smaller perforations than those perforations in the panels facing the housing's 
left and right sidewalls 2106 and 2108 and the rear wall 2104. The smaller 
perforations in the hopper's front wall are smaller than the tip of the e^ansion 
chamber 2010 so the expansion chambers can not extend through the perforations. 
The larger perforations are larger than the tip of the e>q)ansion chambers 2010 but 
smaller than the open rear ends of the expansion chambers. The e)q)ansion 
chambers 2010 are, thus, installed ia the hopper 2008 with the tips facing forwardly 
toward the panel with the smaller perforations. Accordingly, the smaller 
perforations in the hopper's front wall provide directional orientation for 
installation of the expansion chambers 2010. This directional orientation assures 
easy identification and proper alignment of the expansion chambers 2010 within the 
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hopper 2008, The asymmetric configuration of the hopper 2008 also provides for 
easy alignment and accuracy of installation of the hopper within the housing 2102 
for proper set tip of the dispensing assembly 2001 prior to a purification run. 

The hopper 2008 has an open top 21 18 through which the expansion 
chambers 2010 can be loaded. The bottom of the hopper 2008 has a dispensmg 
aperture 2120 through which the expansion chambers 2110 are removed during a 
dispensing operation, as discussed below. A removable top cover 2122 is 
attachable to the hopper 2008 to cover the open top 2118, and a bottom cover 2124 
is slideably attachable to the hopper to close the dispensing aperture 2120. In one 
embodiment, the top cover 2122 is not installed on the hopper 2008 when the 
hopper is installed in the housing. The bottom cover 2124 has sUde portions 2126 
that slideably receive rails 2128 on the hopper 2008 adjacent to the dispensing 
aperture 2120 so as to retain the bottom cover in a closed position on the hopper 
2008. 

In the illustrated embodimeni, e5q)ansion chambers 2010 can be 
loaded into the hopper 2008 when the bottom cover 2124 is covering the dispensing 
aperture 2120. The top cover 2122 can then be attached to close the top opening 
2118 so as to fiJly enclose the e3q)ansion chambers 2010 within flie hopper 2008. 
If tile e3q>ansion chambers 2010 contained within the hopper 2008 are not clean or 
need processing prior to use in the purification run, the hopper with its top and 
bottom covers 2122 and 2124 can be loaded as a unit into a washing device so as to 
thoroughly clean the expansion chambers 2120 in preparation for a purification run. 
The'hopper 2008 contaming the clean expansion chambers 2010 can then be loaded 
as a unit directiy into the dispensmg assembly 2001. The bottom cover 2124 is 
then removed so the clean expansion chambers 2010 can be dispensed during the 
purification process. 

When the hopper 2008 and expansion chambers 2010 are positioned 
in the housiag's receiving area 2113, the dispensing aperture 2120 is directiy above 
a dispensing drum assembly 2130. As best seen in Figures 21 and 22, the drum 
assembly 2130 includes a horizontally oriented drum 2202 rotatably contained 
within a drum guide 2204. The drum guide 2204 has separate left, right and bottom 
guide portions 2206, 2208 and 2210, respectively. The drum 2202 has a plurali^ 
of channels 2212 formed along the drum's outer surface parallel with the drum's 
longitudinal axis. The channels 2212 are arcuate channels shaped to removably 
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receive the e:q)ansioii chambers 2010 dispensed jfrom the hopper 2008 (Figure 21). 
In the illustrated embodiment, the drum 2202 has ten channels 2212 formed around 
it's periphery, althou^ a dram with greater or fewer channels can be used as 
needed for, as an example, if diSerent size e3q)ansion chambers 2010 are to be 
5 used. 

The drum guide's left and right guide portions 2206 and 2208 have 
upper edges spaced apart from each other so as to provide an upper opening in the 
drum guide 2204 for access to the channels 2212 in tiie drum 2202. The expansion 
chambers 2010 are dispensed from the hopper 2008 (Figure 21) into tibie drum's 

10 channels 2212 that are adjacent to the upper opening in the drum guide. The drum 
guide 2204 extends around the remaining portion of the drmn 2202 so as to retain 
the expansion chambers 2010 within the respective chaimels 2212 as the drum 
rotates within the drum guide. Accordingly, the expansion chambers 2010 are 
loaded into the drum 2202 from the top side, and the drum rotates within the drum 

15 guide 2204 to position empty channels 22 12 adjacent to the drum guide's opening to 
receive another clean expansion chamber. 

The drum 2202 is mounted on a drive shaft 2214 that rotatably 
mounts at if s rear md to a bearing 2216 retained in flie rear wall 2104 of the 
housiag 2102. A forward portion 2218 of the drive shaft 2214 is rotatably 

20 supported in a bearing 2220 m a front mounting plate 2222 to which the housing's 
front wall 2110 is connected. Accordingly, the drum 2202 is suspended 
horizontally for rotation relative to the hopper 2008. 

As best seen in Figure 23, the drum 2202 has a hub index 2224 
securely mounted to the drum's front end. The forward portion 2218 of the drive 

25 shaft 2214 extends through the hub mdex 2224. The hub index 2224 has an 
elongated slot 2228 that securely receives an index pin 2228 mounted to the drive 
shaft's forward portion 2218. Accordingly, rotational forced from the drive shaft 
2214 are transmitted to the drum 2202 via the index pin 2228 and the hub index 
2224 for simultaneous rotation of the drum. 

30 The drive shaft 2214 is rotatably driven by a drum actuator 2234 

securely mounted to the front mounting plate 2222 (Figure 22). The drum actuator 
2234 has a shaft 2232 that extends into a keyhole 2230 in the drive shaft's forward 
portion 2218. In the illustrated embodiment, the keyhole 2230 has a non-circular 
cross-sectional shape, such as a square or a hexagonal shape, that receives the 
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simflarly shaped shaft 2232 of the drum actuator 2234. The drum actuator 2234 is 
coupled to and controlled hy the purification system's computer controller 18 so as 
to accurately control rotation of the drum 2202 for selected loading and dispensing 
of the expansion chambers 2010. 

As best seen in Figures 22 and 23, a drum brake 2240 is connected to 
the back end portion of the drum 2202. The brake 2240 includes a break hub 2242 
securely mounted to the housing's back wall 2104 (Figure 22). The brake hub 2242 
extends into a cylindrical break recess 2244 formed in the drum's back end portion. 
As best seen in Figure 23, the brake hub 2242 has an enlarged channel 2246 that 
slidably receives a pair of brake pads 2248. The brake pads 2248 are biased 
radially outwardly by a pair of springs 2249 to fiictionally engage the drum 2202 
within the brake recess 2244. The springs 2249 are selected to provide sufficient 
biasing force for fiictional engagement between the brake pads 2248 and drum 
2202 to allow for rotation of the drum 2202 when the drum actuator 2234 is 
activated. The fiictional engagement, however, is sufficient to quickly stop rotation 
of the drum 2202 when rotation of the drum actuator 2234 stops, thereby preventing 
drum-overdrift relative to the hopper's dispensing aperture 2120 (Figure 21). 
Accurately controlling drum position and preventing drum-overdrift allows for 
accurate alignment of the drum's channels 2212 relative to the hopper 2008 for fast 
and accurate positioning of the expansion chambers 2010 into the channels. 

After an expansion chamber 2010 has been loaded into a selected 
channel 2212 in the drum 2202, the drum actuator 2234 rotates flie drum to move 
the loaded expansion chamber into a dispensing position. As sqgsx in Figure 21, 
dispenser brackets 2250 are shdably positioned adjacent to the left and right sides 
of the drum 2202. Each dispenser bracket 2250 is positioned to push the expansion 
chamber 2010 axially out of its respective channel 2212 and, thereby dispensing the 
expansion chamber from the drum 2202. Each dispenser bracket 2250 engages the 
expansion chamber 2010 with a generally horizontally oriented dispenser tab 2252. 
The dispenser tab 2252 is positioned to sUde through a raceway 2254 formed in the 
respective left or right side of the drum guide 2204. In the illustrated embodiment, 
the drum guide 2204 has a left raceway 2254 formed by a space between the left 
guide portion 2206 and the bottom guide portion 2210. A right raceway 2256 is 
formed by a space provided between the right guide portion 2208 and the bottom 
guide portion 2210. 
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The dispenser tabs 2252 are sized to extend through the respective 
left or right raceway 2254 or 2256 and partially into flie diannel 2212 adjacent to 
that raceway. The dispenser tabs 2252 engage the large open end of the expansion 
chamber 2010 contained in the channel 2212 positioned adjacent to the respective 
left or right raceway 2254 or 2256. When the dispensing assembly is ready to 
dispense an expansion chamber 2010, the dispenser bracket 2250 is moved 
forwardly so the dispenser tab 2252 slides axially along the raceway 2254 or 2256 
and through the channel 2212, thereby pushing (he expansion chamber 2010 axially 
out of the channel, hi the illustrated embodiment the dispenser brackets 2250 can 
be moved simultaneously or independently to dispense two e^qpansion chambers 
2010 from the drum assembly 2130 as needed during the selected purification run. 

As best seen in Figures 21 and 24, each of the left and right dispenser 
brackets 2250 are slideably mounted on rails 2160 for movement between a 
rearward position and a forward position. The right dispenser bracket 2250 is 
shown is Figure 21 in the forward position, and the left dispenser bracket is shown 
in the rearward position. Each dispenser bracket 2250 is movable linearly along the 
rail 2160 by an actuator coupled to the computer controller 18 of the purification 
system 10. Accordingly, the computer controller 18 controls the timing for 
movement of the dispenser brackets 2250 along the respective rails 2160, thereby 
controlling the dispensing of the expansion chambers 2010. The actuators for each 
of the left and right dispenser brackets 2250 are independently controlled so the 
dispenser brackets can be moved simultaneously or at sq>arate times for dispensing 
of the e^ansion chambers 2010. 

As each dispenser bracket 2250 moves from the rearward position 
toward the forward position, the dispenser tab 2252 slides the expansion chamber 
2010 forwardly along the drum's channel 2212. The expansion chamber 2010 
slides tip first through an aperture 2260 in the front mounting plate 2222 and 
through a respective left or rigjit aligmnent mount 2262. Each alignment mount 
2262 is coaxially aligned with the channel 2212 from which the expansion chamber 
2010 is dispensed. 

Once the expansion chamber 2010 has been pushed out of its channel 
2212 in the drum 2202, the dispenser bracket 2250 is retumed to its rearward 
position. The drum actuator 2234 rotates the drum 2202 to move another clean 
expansion chamber 2010 into alignment with the respective left or right raceway 
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2254. In the illustrated embodiment, the dispensing assembly 2001 can dispense 
two expansion chambers 2010 simultaneously from the dram 2202. Accordingly, 
the dram actuator 2234 is indexed to move the dram 2202 two positions relative to 
the raceways 2254 and 2256 and the dispenser brackets 2250 upon each activation 
of the actuator. This two position movement results in a timing and pattern that 
always provides an expansion chamber in the channel 2212 in alignment with both 
dispenser brackets 2250. While the illustrated embodiment provides indexing of 
the drum by two positions, other indexing configurations can be used by controlling 
the drum actuator 2234 for movement of the drum 2202. 

As best seen in Figures 21 and 24, the dispensing assembly includes 
left and right chamber guides 2402 pivotally mounted adjacent to the aligmnent 
mounts 2262 on the front mounting plate 2222. The chamber guides 2402 are 
pivotally movable between a forward, dispensing position, as shown in Figure 24, 
and a rearward, stowed position, as shown with the left chamber guide in Figure 21. 
Each chamber guide 2402 has a guide channel 2404 adapted to receive the 
expansion chamber 2010 as the expansion chamber is pushed through an alignment 
aperture 2406 in the alignment mount 2262. The upper portion 2408 of the guide 
channel 2404 has a convex shape and it is positioned at its top end below the 
alignment aperture 2406 in die alignment mount 2262. The guide channel's upper 
portion 2408 is integrally connected at its bottom end to a straight slide portion 
2410. Accordingly, when the e3q)ansion chamber 2010 is pushed through the 
ahgmnent aperture 2406, it slides over the convex xxppei portion 2408 of the guide 
channel 2404 and down the straight slide portion 2410. When the chamber guide 
2402 is in the forward, dispensing position, the straiglht slide portion 2410 is aimed 
to direct the expansion chamber 2010 to sUde into the pickup station 2012, so the 
expansion chamber is held in a vertical orientation with its tip pointing 
downwardly. 

The chamber guide 2402 is moved from the rearward, stowed position 
to the forward, dispensing position by a displacement pin 2414 projecting inwardly 
from the respective left or right dispenser bracket 2250. As the dispenser bracket 
2250 moves from the rearward position to the forward position, as shown in 
Figure 24, the displacement pin 2414 engages the back side of the chamber guide 
2402 and pivots the chamber guide forwardly to the forward, dispensing position. 
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The dispenser guide 2402 is biased by a spring toward ttie rearward stowed 
position. 

In the illustrated embodiment, Ihe displacement pin 2414 is 
positioned along an elongated slot 2416 in Ihe dispenser bracket 2250 to provide 
5 adjustability for the displacement pin's position relative to the chamber guide 2402. 
Such adjustment is provided to allow for accurate positioning of the chamber guide 
2402 to properly aim the straight slide portion 2410 when the chamber guide is in 
the forward, dispensing position, so the expansion chambers 2010 consistently land 
in the pickup station 2012. 

10 As the dispenser bracket 2250 and displacement pin 2414 are moving 

forwardly, the dispenser tab 2252 is simultaneously pushing the expansion chamber 
2010 forwardly. The alignment moxmts 2406 are positioned to hold the expansion 
chambers 2010 substantially horizontal as they are pushed tiirough the alignment 
apertures 2406 mitil the expansion chamber's open top end 2020 is pushed through 

15 the aligmnent aperture 2406. Once the expansion chamber 2010 moves fidly out of 
the aligmnent aperture 2406, the expansion chamber drops into the guide channel 
2404 and slides along the channel and into the pickup station 2012. When the 
dispenser bracket 2250 and displacement pin 2414 returns to the rearward position, 
the aligmnent guide 2402 also returns to the rearward, stowed position spaced apart 

20 from the pickup station 2012 and tiie dispensed expansion chamber 2010. 

As best seen in Figure 19, the pickup stations 2012 holds the 
expansion chambers 2010 in a substantially vertical orientation with the open top 
end 2020 of the expansion chamber facing upwardly. Each pickup station 2012 has 
a cylindrical housing 1902 witii a cylindrical aperture 1904 that removably receives 

25 the expansion chambers 2010 from the respective left or right chamber guide 2402. 
The cylindrical housing 1902 has a biasing member 1906, such as a spring, in the 
cylindrical aperture 1904 so as to support the tip end of expansion chamber 2010 
when loaded into the pickup station 2012. The biasing member 1906 allows the 
expansion chamber 2010 to move axiaUy within the pickup station 2012 if a 

30 downward force is exerted on the e^ansion chamber 2010. Accordingly, if the 
expansion chamber 2010 is axially misaligned with the dispensing head 2004 as the 
dispensing head attempts to pick up the expansion chamber, the biasing member 
1906 absorbs some of the force and protects the misaligned expansion chamber 
2010 from being damaged. 
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In one embodiment, the pickup station 2012 has optical sensors in llie 
housing's cylindrical aperture 1904 and coiq)led to the system's computer 
controller 18. The optical sensors detect whether an e^ansion chamber has been 
properly dispensed into the pickup station 2012. If the optical sensors do not 
5 . properly detect an expansion chamber 2010 as the dispensing head 2004 begins its 
pickup process, a signal is provided to the system's computer controller and the 
computer controller stops the pickup motion and generates an error message. The 
dispensing head 2004 is movable along the rails 2005, 2006 and 2007 to a position 
over the pickup station 2012 and movable downwardly to pickup the expansion 

10 chamber. As the dispensing head 2004 moves downwardly, dispensing needles 
2014 on the dispensing head 2004 extend into the expausion chambers 2010 
through the chamber's open top end 2020. In the exemplary embodiment, the 
dispensing head 2004 is positioned so the dispensing needles 2014 are initially 
coaxially aligned Avith the expansion chambers 2010 in the pickup station 2012. As 

15 the dispensing head 2004 is moved downwardly so the dispensing needles 2014 
extend into the e3q>ansion chambers 2010, the dispensing head shghtiy moves along 
the X-axis or Z-axis, thereby axially misaligning the dispensing needles within the 
e^qpansion chambers. This axial misatigmnent of the dispensing needles 2014 
, v^thin the expansion chambers 2010, as discussed below, facilitates sample 

20 collection through the expansion chambers. 

When the dispensing head 2004 moves to the lowered position, tiie 
dispensing head extends over the open top end 2020 of the expansion chambers 
2010. . The dispensing head 2004 grasps the expansion chamber 2010 around the 
open top end 2020, and Ms it out of the pick-up station 2012. As best seen in 
. 25 Figure 20, the dispensing head 2004 moves along the rails 2005, 2006, and 2007, 
and moves the expansion chambers 2010 from the pickup station 2012 to a 
dispensing position over selected wells 2024 in the receiving microtiter plates 22 
and 24, The dispensing head 2004 is coupled to the computer controller 18 that 
controls the positioning of the expansion chambers 2010 over the wells 2024 so as 

30 to correspond to the well locations from which the sample was originally taken in 
the one-to-one well correspondence, as discussed above. The dispensing head 2004 
moves the expansion chambers 2010 downwardly so as to extend at least partially 
into the selected wells 2024. Once the expansion chamber 2010 is lowered, the 
sample portion containing either the target or the sample by-product is deposited 
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firom the dispensing needle 20 14, into the expansion chamber 2010, and into the 
selected well 2024 in the microtiter plate 22 or 24. 

As best seen in Fignre 18, the dispensing head 2004 of tiie illustrated 
embodiment releasably holds two expansion chambers 2010 in tabular holding 
5 members 201 L A pnenmatic gripping assembly 2015 is connected to each tubnlar 
holding member 2011 in a position to releasably engage the expansion chambers 
2010. The gripping assembly 2015 includes a pair of grippers 2017 connected to 
pneumatic cylinders 2019. The pneumatic cylinders 2019 move the grippers 2017 
relative to the tubular holding member 2011 between holding and released 

10 positions. In the holding position, each gripper 2017 presses the expansion 
chamber 2010 against the tubular holding member 201 1, so the expansion chamber 
is fiictidnaUy held in the tubular holding member, hi the released position, each 
gripper 2017 is positioned to allow the respective expansion chamber 2010 to freely 
move into or out of the tubular holding member 2011. 

15 The expansion chamber 2010 is a tubular member having the open 

top end 2020 that is releasably engaged by the gripping assembly 2015 of the 
dispensing head 2004, and a tapered, open bottom end 2022. The open bottom end 
2022 is positionable partially within a selected well 2024 of the miwotiter plate 22 
or 24. The expansion chamber's open top end 2020 is positioned so the dispensing 

20 needle 2014 extends therethrough into the expansion chamber's interior area 2028. 
■ The dispensing needle 2014 is positioned adjacent to the expansion chamber's 
sidewall with the needle axially misaUgned with the expansion chamber. The distal 
end 2013 of the dispensing needle 2014 is angled so as to point toward the 
respective expansion chamber's sidewall. 

25 Each dispensing needle 2014 receives the sample portions through its 

open top end 1820 that connects to an outiet port 1822 in a coupler 1824. The 
coupler 1824 has, on its top end, a sample inlet port 1826 coaxiaUy aligned with the 
outiet port 1822. Accordingly, the coupler 1824 directs the sample portion 
containing the target or reaction by-product into the dispensing needle 2014 for 

30 delivery into the e}q)ansion chamber 2010. 

The coupler 1824 of the illustrated embodiment also has a secondary 
inlet port 1828 in fluid communication with the coupler's outiet port 1820. The 
secondary inlet port 1828 is connected to a small-bore, high pressure line 1830 
carrying hquid carbon dioxide, nitrogen, or other selected chilled liquid or gas. The 
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coupler 1824, thus, can selectively direct a flow of the pressurized liquid or gas into 
the dispensing needle 2014. 

In one embodiment, the finction collection assembly 23 is configured 
to direct a flow of high pressure liquid carbon dioxide gas through the coupler 1824 
and the dispensing needle 2014 before the sample portion is directed through the 
needle. This flow of high pressure liquid carbon dioxide against sidewalls of the 
expansion chamber 2010 chills the sidewalls to facilitate collection of the sample 
portion. As the sample portion is dispensed froni the dispensing needle 2014 into 
the interior area 2028 of the expansion chamber 2010, the sample portion is in an 
atomized state. The atomized sample portion enters the expansion chamber 2010 
through the needle's angled distal end 2013, and the distal end direct the flow 
toward the expansion chamber's sidewall. The atomized sample portion condenses 
on the expansion chamber's chilled sidewalls as a liquid, and is directed so the 
condensed liquid moves along the sidewalls in a downwardly spiral direction. 

The condensed, non-atomized liquid sample portion flows out of the 
open expansion chamber's bottom end 2022 into the selected well 2024 in the 
microtiter plate 22 or 24. As the atomized sample portion is being dispensed into 
the expansion chamber 2010, the CO2 vapor exits the expansion chamber through 
its open top end 2020. In the illustrated ^bodiment, a vacuum is drawn within the 
expansion chamber to draw the CO2 vapors out and away from the expansion 
chamber's open top end 2020, thereby avoiding cross-contamination between 
channels. After a sample portion has been passed through the dispensing needle, a 
puff of carbon dioxide or other gas can be passed through the dispensing needle to 
ensure that there is no residual fluid left in the needle. 

As the sample portion is condensed in the expansion chamber 2010, 
some of the liquid sample portion may remain in the bottom of the expansion 
chamber because of a capillary action at the narrow open bottom end 2022. At this 
point, the fraction collection valve dispenses a selected solvent into the expansion 
chamber to linse it out and cany any remaining sample into the microtiter plate 22 
or 24. After the sample portion has been fully dispensed, the dispensing head 2004 
can provide a puff of carbon dioxide or other gas into the expansion chamber 2010. 
The gas forces the remaining liquid sample out of the expansion chamber 2010 and 
into the well 2024. 
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As best seen in Figure 26, after Ihe sample has been dispensed into 
the microtiter plate 22 or 24, the dispensing head 2004 moves to a chamber drop- 
off position so the expansion chambers 2010 are positioned past the edge of the 
firame 2000. The gripping assembly 2015 of the dispensing head 2004 moves to the 
released position and the expansion chambers 2010 drop into a suitable waste 
receptacle. In one embodiment, the e^ansion diambers 2010 are thrown away, hi 
an alternate embodiment, the expansion chambers 2010 are recycled so as to be 
reusable. In another embodiment, the used expansion chambers 2010 are collected 
in receiving hopper substantially identical to the hopper 2008 in the chamber 
dispensing assembly 2001 discussed above. The receiving hopper with the used 
expansion chambers 2010 can be taken as a unit and placed into a washing 
assembly tibiat cleans the expansion chambers. The receiving hojpper and clean 
expansion chambers 2010 can then be loaded directly into the housing 2102 of the 
dispensing assembly 2001. Accordingly, use of the receiving hopper can save a 
significant amount of time and manpower in preparing the expansion chambers for 
use in the fraction collection assembly 23. 

After the dispensing head 2004 drops off the expansion chambers, the 
dispensing head moves to a needle rinse position, illtistrated in Figure 22. In this 
needle rinse position, the dispensing head 2004 is positioned over a pair of rinse 
stations 2030. As seen in Figure 28, each linse station 2030 includes a substantially 
cylindrical body 2802 mounted at its bottom end to the frame 2000 of the fraction 
collection assembly 23. The body 2802 has an elongated aperture 2804 extending 
vertically along the body's longitudinal axis. An inner wash tube 2803 is 
positioned within the elongated aperture 2804. The inner wash tube 2806 has an 
outer diameter smaller lhan the aperture's inner diameter, such that an annular 
passageway 2806 is formed betwem the wash tube and the hody. 

An outer wash tube 2812 is concentrically disposed aroimd the inner 
wash tube 2803. The outer wash tube 2812 has an inner diameter greater than the 
ixmex wash tube's outer diameter. Accordingly, the annular solvent passageway 
2806 extends between the imer and outer wash tubes 2803 and 2812. The inner 
and outer wash tubes 2803 and 2812 are held in the concentric orientation by a top 
cap 2814 that provides a top closure to the solvent passageway 2806. 

The bottom portion of the body 2802 has a solvent inlet port 2816 
coupled to a solvent source and in fluid conununication with the solvent 
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passageway 2806. A selected solvent or other cleaning fluid is directed through the 
solvent inlet 2816 and into the solvent passageway 2806. An O-ring seal 2818 is 
positioned in the bottom portion of the body 2802 and around the inner wash tube 
2803 so as to provide a bottom closure to the solvent passageway 2806. The 
solvent enters the solvent passageway 2806 and flows upwardly through the 
passage. The upper end portion of the inner wash tube 2803 has a plurality of holes 
2820 that communicate with the solvent passageway 2806. The solvent flowing 
through the solvent passageway is forced through the holes 2820 into the interior 
area 2822 of the inner wash tube 2803. The holes 2820 are sized to direct jets of 
the solvent radially inwardly from the periphery of the interior area 2822. 

When the dispensing needle 2014 is lowered into its respective rinse 
station 2030, the dispensing needle is positioned within the inner wash tube's 
interior area 2822. The computer controller 18 activates flie flow of solvent from 
the solvent source, and solvent flows into the amiular solvent passageway 2806 and 
through the holes 2820 into the interior area 2822. The jets of cleaning solvent 
clean or rinse the dispensing needle 2014. In the exemplary embodiment, the 
cleaning solvent is dispensed throu^ the holes 2820 when the dispensing needle 
2014 is moved upwardly out of the inner wash tube 2803. As the dispensing needle 
2014 moves upwardly, the jets of cleanmg solvent hitting the dispensing needle act 
as a ''fluid squeegee," thereby cleaning the dispensing needle from its top or middle 
portion to its tip as the dispensing is withdrawn from the hmer wash tube 2803. 

The cleaning solvent that flows into the inner wash tube's interior 
area 2822 flows downwardly through the interior area and exits the inner wash tabe 
through an open bottom end 2824. The open bottom end 2824 is coupled to a 
waste line that carries the used cleaning solvent to a selected receptacle for 
containiag the waste solvent 

After the dispensing needles 2014 are lifted out of the wash stations 
2030. The dispensing head 2004 is moved back to the expansion chamber pickup 
position, illustrated in Figure 19. New, clean ejqpansipn chambers 2010 that have 
been delivered to the pickup stations 2012 are then picked up by the dispensing 
head 2004 for dispensing other sample portions into the respective receiving 
microtiter plates 22 and 24. 

The high throughput purification system 10 of the illustrative 
embodiment allows for relatively fast sample purification as compared to 
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convexitional purification processes. A purification run of a selected sample can be 
accomplished in approximately 6-8 minutes or faster. Therefore, purification of 
samples contained in a 96 well microtiter plate wiU take approximately 144-192 
minutes. Purification of 4,000 samples generated in a week using sample 

5 generation techniques, discussed above, will only take in the range of 250-330.3 
hours, as opposed to the 2,000 hours required to purify the 4,000 samples, using 
conventional purification techniques. Therefore, the high throughput purification 
system in accordance with the present invention allows for a significant increased 
speed of purification. This system also provides for collecting the purified samples 

10 directiy into a microtiter plate in wells having a location address corresponding to 
the location address of the well in the microtiter plate fi-om which the samples were 
originally drawn. Thus, the purified compounds are ready to be screened or 
otherwise processed. The result is a sigmficantiy increased capacity for 
purification tiiat allows for a less expensive purification process. 

15 From the foregoing it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 
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CLAIMS 



1 1. A pressure regulator assembly usable in a high throughput 

2 fluid system having a fluid chamiel for carrying a fluid flow therethrough, 

3 comprising: 

4 an inlet line and an outlet line comiectable to the fluid chamiel; 

5 a regulator body having a regulator inlet and outlet, tiie regulator mlet 

6 connected to the inlet line and the regulator outlet comiected to the outlet line, the 

7 regulator body having a chamber therein in fluid communication with the regulator 

8 inlet and outlet; 

9 a nozzle ia fluid communication with the regulator inlet Ihe nozzle 

10 having a nozzle outlet adjacent to the chamber; 

11 a stem axially aligned with the nozzle outlet, the stem having one end 

12 fonniag a regulating surface and another end forming a mounting portion, the 

13 regulating surface being positioned adjacent to the nozzle ouflet and being 

14 positioned to restrict the fluid flow through the chamber to the regulator outlet; 

15 a mounting rod attached to the stem's mounting portion, the mounting 



16 rod and stem being axially moveable in the regulator body relative to the nozzle 

17 outiet; an adjustment member connected to the mounting rod and being axiaUy 

18 moveable to adjust the position of the stem relative to the nozzle outiet, the 

19 adjustment member having a dual concentric thread arrangement with first and 

20 second threads, the first threads engaging the mounting rod and being configured to 

21 move the mounting rod and stem as a unit in a first direction and at a first rate 

22 relative to the nozzle outlet and the second threads being configured to move the 

23 adjustment member, the mounting rod, and the stem as a unit in a second direction 

24 and at a second rate relative to the nozzle outlet, the second dffection being 

25 opposite tiie first direction, and the first rate being different than the second rate to 

26 provide an attenuated movement of the stem's regulating surface relative to the 

27 nozzle ouflet to selectively adjust a pressure of flie fluid flow in the chamber; and 

28 a drive mechanism connected to the adjustment member and 

29 positioned to rotate the adjustment member for axial adjustment of the stem. 
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1 2. The pressure regulator assembly of claim 1 wherein die nozzle 

2 has a body portion with a cavity formed therein, the nozzle insert is retained in the 

3 body portion's cavity, the body portion being a first material, the nozzle insert is a 

4 second material. 

1 3 . The pressure regulator assembly of claim 2 wherein the nozzle 

2 ins^ is one of a ruby, sapphire, and diamond. 

1 4. The pressure regulator assembly of claim 1, furtiier comprising 

2 a biasing member positioned to bias the stem toward the nozzle. 

1 5. The pressure regulator assembly of claim 1 wherein the stem is 

2 made of one of ruby, sapphire, and diamond. 

1 6. The pressure regulator assembly of claim 1 wherein the 

2 adjustment member has a threaded axial aperture Ifaat receives the mounting rod 

3 therein, the first threads are internal threads in the axial aperture, and the second 

4 threads are external threads on an outer surface of the adjustment member. 

1 7. The pressure regulator assembly of claim 1 wherein the first 

2 threads have a first thread pitch, and the second threads have a second thread pitch, 

3 tiie first thread pitch being greater than the second thread pitch. 

1 8. The pressure regulator assembly of claim 1 wherein the first 

2 and second threads are both right-handed pitch threads. 

1 9. The pressure regulator assembly of claim 1 wherein the second 

2 threads engage the regulating body. 



1 

2 



10. The pressure regulator assembly of claim 1 wherein the drive 
mechanism is a stepper motor that rotationally drives the adjustment member. 
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1 11. The pressure regulator assembly of claim 1 wherein the high 

2 throughput fluid system is a supercritical fluid chromatographic purificatioii system 

3 and the inlet and outlet lines, the regulator inlet and outlet, the chamber, nozzle, 

4 and stem are shaped and sized for directing a flow of pressurized siq)ercritical fluid 

5 flow therethrough. 



1 12. The pressure regulator assembly of claim 1, further comprising 

2 a seal positioned in the chamber and sealably engaging the stem at a position 

3 spaced apart from the stem's regulating surface. 

1 13. The pressure regulator assembly of claim 1, further including a 

2 rotational travel stop positioned to block movement of the stem past a preselected 

3 position relative to flie regulator body. 



1 14. The pressure regulator assembly of claim 1, further comprising 

2 a heater assembly connected to the regulator body and engaging a portion of the 

3 outlet line, the heater assembly being positioned to heat a portion of the fluid flow 

4 in the outlet line to provide heat to the fluid flow after the fluid flow has exited the 

5 regulator outlet 

1 15. The pressure regulator assembly of claim 14 wherein the 

2 heater assembly includes a heat transfer body connected to the regulator body and a 

3 heater band attached to the heat transfer body, the heat portion of the outlet line 

4 being wrapped around the transfer body. 

1 16. A pressure regulator assembly usable in a high throughput 

2 flmd system having a fluid channel for carrying a fluid flow therethrough the fluid 

3 chamiel having an inlet line and an outlet line, comprising: 

4 a regulator body having a regulator inlet and outlet, the regulator inlet 

5 being coupleable to the fluid channel's inlet line and the regulator outlet being 

6 coupleable to the fluid channel's outlet line, the regulator inlet and outlet being 

7 sized to carry the fluid flow into and out of the regulator assembly, respectively, the 
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8 regulator bod/ having a chamber therein in fluid coituniinication with the regulator 

9 inlet and outlet; 

10 a nozzle in fluid conmiunication with Ihe regulator inlet and 
n positioned to receive flie fluid flow from the regulator inlet, the nozzle having a 

12 nozzle ouflet in fluid communication with tiie chamber to direct the fluid flow to 

13 the chamber; 

14 a regulating mechanism adjustably connected to the regulator hody, 

15 fbe regulating mechanism having a mounting portion and regulating surface, the 

16 regulating surface being positioned in the chamber adjacent to the nozzle ouflet, the 

17 regulating surface being spaced apart from the nozzle outiet and being positioned to 

18 restrict the fluid flow through the chamber to the regulator outiet; 

19 an adjustment member connected to the regulating mechanism's 

20 moimting portion and being movably retained in the regulator body, the adjustment 

21 member being moveable to adjust the position of the regulating mechanism's 

22 regulating surface relative to die nozzle outiet, the adjustment member having first 

23 and second adjusting portions, the first adjusting portion engaging tbe regulating 

24 mechanism and being moveable to move the regulating surface in a first direction 

25 and at a first rate relative to the nozzle ouflet when the adjustment member moves a 

26 selected distance, and the second adjusting portion being moveable to move the 

27 regulating surface in a second direction and at a second rate, the second direction 

28 being opposite the first direction, and the first rate being different than the second 

29 rate to provide an attenuated movement of the regulating surface relative to the 

30 nozzle outiet to selectively adjust a pressure of the fluid flow in the chamber; and 



31 a drive mechanism connected to the adjustment member and 

32 positioned to move the adjustment member relative to the regulator body for 

33 adjustment of the pressure of the fluid flow moving to the regulator ouflet 

1 17. The pressure regulator assembly of claim 16 wherein the 

2 nozzle has a body portion wifli a cavity fonned therein, the body portion being a 

3 first material, and a nozzle insert is retained in the body portion's cavity and in 

4 direct communication with the chamber, the nozzle insert being made of a second 

5 material different than the first material. 
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1 18. The pressure regulator assembly of claim 17 wherein the 

2 second material is one of ruby, sapphire, and diamond. 

1 19. The pressure regulator assembly of claim 16 wherein the 

2 regulating mechanism includes a stem axially aligned with the nozzle outlet, the 

3 st^ having first and second end portions, the first end portion forming the 

4 regulating surface, the regulating mechanism having a mounting rod attached to the 

5 stem's second end portion, the mounting rod being connected to an adjustment shaft 

6 having an end portion forming the regulating mechanism's mounting portion. 



1 20. The pressure regulator assembly of claim 19 wherein the 

2 mounting rod is axially moveable relative to the adjustment shaft and a biasing 

3 member biases the moimting rod toward the nozzle. 

1 21, The pressure regulator assembly of claim 19 wherein the stem 

2 is made of one of ruby, sapphire, and diamond. 

1 22. The pressure regulator assembly of claim 16 wherein the 



2 regulating body has a threaded aperture therein, the mounting portion of the 

3 regulating mechanism has threads thereon, and the adjustment member having a 

4 shaft portion with the first and second adjusters thereon, the first adjuster being 

5 first threads and the second adjustor being second threads concentrically arranged 

6 relative to the first threads, the first threads having first pitch, and the second 

7 threads having a second pitch different than the first pitch, the threads on the 

8 mounting portion engaging tiie first threads of the shaft portion, the second threads 

9 on the shaft portion engaging the regulator body in the threaded aperture, the shaft 

10 portion of the regulating mechanism being rotatable relative to the mounting portion 

11 and the regulator body, the first and second threads having directional orientations 

12 relative to each other wherein rotation of the regulating mechanism's shaft portion 

13 moves the shaft portion axially in one direction at a first rate relative to the 

14 regulator body, and the rotation moves the regulating mechanism in an opposite 

15 direction and at a second rate different than the first rate. 
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1 23. The pressure regulator assembly of claim 22 v^erein Ae first 

2 and second adjusters are first and second threads concentrically arranged relative to 

3 each other, the first threads having a first pitch and the second threads having a 

4 second pitch different than the first pitch, the first threads engage the regulating 

5 mechanism. 

1 24. The pressure regulator assembly of claim 22 wherein the first 

2 thread pitch is greater than the second thread pitch. 

1 25. The pressure regulator assembly of claim 22 wherein the first 

2 and second threads are both right-hand pitch threads oriented in opposing directions 

3 to form a dual concentdc adjustment screw configuration. 

1 26. The pressure regulator assembly of claim 22 wherein the 

2 second threads engage the regulating body. 

1 27. The pressure regulator assembly of claim 22 wherein the drive 

2 mechanism is a stepper motor that rotationally drives the adjustment member. 

1 28. The pressure regulator assembly of claim 16, further 

2 comprising a seal positioned in the chamber and sealably engaging the regulating 

3 member at position spaced apart from the regulating surface. 

1 29. The pressure regulator assembly of claim 16, further including 

2 a rotational travel stop connected to the adjustment mechanism and positioned to 

3 block the adjustment mechanism from moving past a pre-selected position relative 

4 to the regulator body, thereby blocking the regulating mechanism from contacting 

5 the nozzle. 



1 30. The pressure regulator assembly of claim 16, further 

2 comprising a filter positioned to receive and filter the fluid flow before the fluid 

3 flow enters the regulator inlet. 
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1 31. The pressure regulator assembly of claim 16, further 

2 comprising a heater assembly connected to the inlet regulator body and positionable 

3 adjacent to the outiet line of tiie fluid channel, the heater assembly being positioned 

4 to heat a portion of the outlet line to provide heat to the fluid flow after the fluid 

5 flow has exited the regulator outlet 



1 32. The pressure regulator assembly of claim 31 wherein the 

2 heater assembly includes a heat transfer body connected to the regulator body and a 

3 heater band attached to the heat transfer body, the heat transfer body having a 

4 receiving surface that receives the outlet line therearound. 

1 33. The pressure regulator assembly of claim 16 wherein the 

2 nozzle and the regulating surface are made of a selected material for use Avith 

3 selected caustic solvents and at pressures of approximately 2000 psi or greater. 

1 34. A pressure regulator assembly usable in a high throughput 

2 fluid purification system having a fluid channel for carrying a selected fluid flow 

3 therethrougih, comprising: 

4 a regulator body having a regulator inlet and outlet coupleable to the 

5 fluid channel, the regulator inlet and outlet having fluid passages therethrough sized 

6 to carry the selected fluid into and out of the regulator assembly, the regulator body 

7 having a threaded aperture therein; 

8 a nozzle having a nozzle passage in fluid communication wdth the 



9 fluid passage in the regulator inlet and positioned to receive the selected fluid flow 

10 from the regulator inlet, the nozzle passage having a nozzle inlet that receives Ihe 

11 selected fluid flow into the nozzle, and a nozzle outlet through which the fluid flow 

12 exits the nozzle, the nozzle outlet being in fluid communication with a pressure 

13 control chamber in the regulator body, the pressure control chamber being iii fluid 

14 communication with the regulator outlet, 

15 a regulator stem having a regulating end positioned in the pressure 

16 control chamber adjacent to the nozzle outlet; the regulating end being spaced apart 

17 from the nozzle outlet and being positioned to engage the selected fluid flow exiting 

18 the nozzle outlet the regulator stem being moveable relative to the nozzle ouflet to 
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19 selectively increase or decrease the space therebetween to adjust a pressure of Hie 

20 selected fluid flow moving to the regulator outlet, 

21 a biasing member coupled to tiie regulator stem and positioned to 

22 react against movement of the stem away from the no^e and biasing the stem 

23 toward the nozzle, the biasing mmiber being adapted to block tiie regulator stem 

24 from directly engaging the nozzle; 

25 a stem holding member engaging a mounting end of the stem, the 

26 holding member having a threaded shaft; 

27 an adjustment shaft having internal and external threads forming dual 

28 concentric tiireads, the external tiireads of the adjustment shaft rotatably engaging 

29 the regulating body in flie threaded aperture in the regulator body with the external 

30 threads having a first pitch, the internal threads threadably engaging the stem 

31 holding member and having a second pitch different than the first pitch, the internal 

32 and extemal threads having the same directional orientation, the adjustment shaft 

33 having an engagement end portion spaced apart from the internal and extemal 

34 threads; and 

35 a drive mechanism connected to the engagement portion of the 

36 adjustment shaft, tiie drive mechanism being rotatable to rotate the adjustment shaft 

37 to cause attenuated inovement of the adjustment shaft relative to the regulator body 

38 and to move tiie regulator stem relative to the nozzle to control the pressure of the 

39 fluid flow moving to the outiet 



1 35. The pressure regulator assembly of claim 34 wherein tiie 

2 internal and extemal threads each have a threads-per-inch count, and the threads- 

3 per-inch count of the internal threads is one greater than the threads-per-inch count 

4 of the extemal threads. 

1 36. A microsampling device for use in a high throughput fluid 

2 system, the fluid system having a flow channel with a sample flow path, a carrier 

3 flow path, and a fluid receiving member in fluid communication with the sample 

4 and carrier flow paths, comprising: 

5 a body having a sample flow inlet, a sample flow outiet, and sample 

6 passageway therebetween, the sample flow inlet and outiet being positionable for 

7 fluid communication with the sample flow path, the body having a carrier flow inlet 
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9 carrier fluid flow path, the canier flow inlet and carrier flow outlet being axially 

10 misaligned; 

11 a stem movably disposed in the body and in fluid communication 

12 with the sample passageway, the stem being moveable between first and second 

13 positions, the stem having a fluid bypass fluidly intercomiecting the canier flow 

14 inlet and outlet when tihe stem is in the first position to allow a selected earner fluid 

15 to flow through the valve body, the stem blocking the sample flow in the sample 

16 passageway flowing to the carrier flow outlet when in the first position, the fluid 

17 bypass in fluid communication with the sample passageway and die carrier flow 

18 outlet when in the second position to allow a selected sampling of the sample flow 

19 to flow to the canier flow outlet and 

20 an actuator coupled to the stem and being activatable to move the 

21 stem substantially immediately between the first and second positions. 

1 37, The microsampling device of claim 36 wherein the fluid 

2 bypass is sized to provide a selected volume of the sample flow to the canier flow 

3 outlet without a creating a substantive pressure drop across the microsample valve. 



1 38. The microsamphng device of claim 36 wherein the body has 

2 an interior chamber therein and an insert positioned in the interior chamber, tiie 

3 stem being in scalable engagement with the insert with a substantially fluid ti^t 

4 seal formed therebetween blocking fluid migratian between the insert and the stem. 

1 39. The microsampling device of claim 36 wherein the body has 

2 an interior chamber therein and an insert positioned in the interior chamber, a 

3 portion of the sample passagew^ extends througjh the insert, and a portion of the 

4 carrier flow path extending through the insert. 

1 40. The microsampling device of claim 36 wherein the stem is in 

2 scalable engagement with the insert forming a substantially fluid tight seal 
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3 therebetween blockmg fluid migratioii between the insert and the stem from the 

4 sample passageway or from Ihe fluid bypass. 

1 41. The microsampling device of claim 36 wherein the stem is 

2 axially slideable in the body between the first and second positions. 

1 42. The microsainpling device of claim 36 wherein the stem has a 

2 longitudinal axis substantially transverse to a longitudinal axis of the sample 

3 passageway. 

1 43. The microsamphng device of claim 36 wherein the sample 

2 passageway has a longitudinal axis substantially coplanar with a longitudinal axis 

3 of the carrier flow outlet. 

1 44. The microsampling device of claim 36 wherein the sample 

2 passageway has a longitudinal axis substantially perpendicular with a longitudinal 

3 axis of the carrier flow outlet 

1 45. The irdcrosampling device of claim 36 wherein the actuator 

2 includes an electromagnetic solenoid engaging the stem. 

1 46. The microsampling device of claim 36 wherein the actuator is 

2 adapted to move the stem from the first position, to the second position, and back to 

3 the first position within a time period in the range of approximately 15 to 100 

4 milliseconds, inclusive. 

1 47. The microsampling device of claim 36 wherein the actuator is 

2 adapted to move the stem from the first position, to the second position, and back to 

3 the first position within a time period of approximately 20 milliseconds or less. 

1 48. The microsampling device of claim 36 wherein the actuator is 

2 adapted to move the stem from the first position, to the second position, and back to 
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3 the first position withiQ a selected time period to divert a sampling volume of 

4 approximately 2 picoliters or less to the carrier flow outlet. 

1 49. The microsampling device of claim 48 wherein the actuator is 

2 adapted to move the stem firom the first position, to die second position, and back to 

3 the first position within a time period of approximately 20 milliseconds or less. 

1 SO. The microsampling device of claim 36 wherein the fluid 

2 bypass includes a througih hole extending through the stem. 

1 51. The nucrosampling device of claim 50 wherein the through 

2 hole is substantially axially aligned with the earner flow inlet when the stem is in 

3 the first position, and being substantially axially aligned with the carrier flow outiet 

4 when the stem is in the second position. 

1 52. The microsampling device of claim 51 wherein the through 

2 hole is substantially coplanar and in direct communication with the sample 

3 passageway and the carrier flow outiet when in the second position. 

1 53. The microsampling device of claim 36 wherein the fluid 

2 bypass iacludes a through hole extending through the stem in substantial axial 

3 alignment with the carrier flow inlet when the stem is in the first position^ and a 

4 groove formed in an outer surface of the stem, the groove being in fluid 

5 communication with the through hole and the carrier flow outiet when the stem is in 

6 the first position. 



1 54. The microsampling device of claim 36, fiirfher comprising a 

2 seal coimected to body and sealably engaging the stem, a portion of the stem 

3 extending through the seal and engaging the actuator. 

1 55. The microsampling device of claim 36 being adapted for use 

2 with a high throughput purification system having an analyzer, the sample flow 

3 inlet and outiet being connected to a sample flow channel, and the carrier flow inlet 
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4 and outlets are connected to a carrier solvent flow line, the carrier flow outlet being 

5 couplable to the analyzer, the sample passageway and the fluid bypass being shaped 

6 and sized for canying a supercritical fluid sample flow dierethrougjh. 



1 56. A microsampling device for use ia a high throughput fluid 

2 system, the fluid system haviag a flow channel with a sample flow path, a earner 

3 flow path, and a fluid receiving member in fluid communication with the santiple 

4 and carrier flow paths, comprising: 

5 a body having a sample flow inle^ a sample flow ouflet, and sanq)le 

6 passageway Aerebetween, the sample flow inlet and oudet being positionable for 

7 fluid coimnunication with the sample flow paA, the body having a carrier flow inlet 

8 and carrier flow outlet and being positionable for fluid communication with the 

9 carrier fluid flow path, the carrier flow inlet and carrier flow outlet being axially 

10 misaligned, the body haviag an iaterior chamber therein; 

11 an insert positioned in the iaterior chamber; 

12 stem movably disposed in the body and ia fluid coramunication with 



13 the sample passageway, the stem being moveable between first and second 

14 positions, the stem having a fluid bypass fluidly interconnecting the carrier flow 

15 inlet and outiet when the stem is in the first position to allow a selected carrier fluid 

16 to flow through the valve body, the stem blocking the sample flow ia the sample 

17 passageway flowing to the carrier flow outiet when in the first position, the fluid 

18 bypass in fluid communication with the sample passageway and the carrier flow 

19 outiet when in the second position to allow a selected sampliag of the sample flow 

20 to flow to the carrier flow outiet, the stem being scalable engagement with tiie 

21 insert forming a substantially fluid tight seal therebetween blocking fluid migration 

22 between the insert and the stem from the sample passageway or from the fluid 

23 bypass; and 



24 an actuator coupled to the stem and being activatable to move the 

25 stem between the fijrst and second positions. 

1 57. The microsampling valve of claim 56 wherein a portion of tiie 

2 sample passageway extends through the insert, and a portion of the earner flow 

3 path extends through the insert. 



wo 01/86283 



65 



PCTAJSOl/15469 



1 58. The microsampliBg valve of claim 56 wherein the sample 

2 passageway is pressurized at a first pressure, and the carrier flow path is 

3 pressurized at a second pressure, the pressure differential between the first and 

4 second pressures is approximately 800 psi greater, and the fluid figiht seal is 

5 maintained at 800 psi or greater. 

1 59. A microsample valve for use in a high throughput fluid system, 

2 the fluid system having a flow channel with a sample flow path, a carrier flow path, 

3 and a fluid receiving member in fluid communication with the sample and carrier 

4 flow paths, comprising: 

5 a valve body having a sample passageway with a sample flow inlet 



6 and a sample flow outlet, the sample passageway being positionable for fluid 

7 communication with the sample flow path, the valve body having a carrier flow 

8 inlet and carrier flow outlet, the carrier flow inlet and outlet being positionable for 

9 fluid communication with the carrier flow path, the carrier flow inlet and carrier 

10 flow outiet being axially misaligned; 

11 a flow control member movably disposed in the valve body and in 

12 fluid communication with the sample passageway, the flow control member being 

13 axially slideable between closed and sampling positions, the flow control member 

14 having a fluid bypass in fluid communication with the carrier flow inlet and outlet 

15 when the flow control member is in the closed position to allow a selected carrier 

16 flmd to flow through the valve body, the flow control member blocking the sample 

17 flow in the sample flow channel from the carrier flow outlet when in the closed 
IS position, the fluid bypass in fluid communication with the sample flow and the 

19 carrier flow outiet when in the sampling position to allow a selected sampling of the 

20 sample flow to flow to the carrier flow outiet; and 



21 an actuator coupled to the flow control member and being activatable 

22 to move the flow control member between the first and second positions. 

1 60. The microsample valve of claim 59 wherein the valve body has 

2 an interior chamber therem and an insert positioned in the interior chamber, the 

3 flow control member bemg in scalable engagement with the insert wdth a 
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substantially fluid tight seal fonned therebetween blocking fluid migration between 
the insert and the flow control member. 

61. The microsample valve of claim 60 wherein a portion of the 
sample passageway extends flirougji the insert, and a portion of the carrier flow 
path extends through the insert. 

62. The microsample valve of claim 60 whereia the insert is a 
plastic sleeve concentrically positioned around the flow control member. 

63. The microsample valve of claim 59 wherein the flow control 
member is axially slideable in the valve body between the closed and sampling 
positions. 

64. The microsample valve of claim 59 wherein the sample 
passageway has a longitudinal axis substantially coplanar with a longitudinal axis 
of the carrier flow outlet. 

65. The microsample valve of claim 59 wherein the sample 
passageway has a longitudinal axis substantially perpendicular to a longitudinal 
axis of the carrier flow outlet. 

66. The microsample valve of claioa 59 wherein the actuator is 
adapted to move the flow control member j&om the closed position, to the sampling 
position, and back to the closed position within a time period in the range of 
approximately 15 to 100 milliseconds, inclusive. 

67. The microsample valve of claim 59 wherein the actuator is 
adapted to move the flow control member from the closed position, to the sampling 
position, and back to the closed position within a time period of approximately 20 
milliseconds or less.68. The microsample valve of claim 59 wherein the actuator 
is adapted to move the flow control member from the closed position, to the 
sampling position, and back to the closed position within a selected time period to 
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7 divert a sampling volume of approximately 2 picoliters or less to flie carrier flow 

8 outlet. 



1 69. The microsample valve of claim 59 wherein the fluid bypass 

2 includes a through hole extending through the flow control member in substantially 

3 axial alignment with tiie carrier flow inlet when the flow control member is in the 

4 closed position, and the bypass including a groove formed in an outer surface of the 

5 flow control member and being in fluid communication with the through hole and 

6 the carrier flow outlet when the flow control member is in the closed positioiL 



1 70. The microsample valve of claim 59 wherein the fluid bypass 

2 includes a through hole extending through the flow control member, the through 

3 hole being aligned with the carrier flow inlet when the flow control member is in 

4 the closed position and being aligned with the carrier flow outlet when the flow 
s control member is in the sampling position. 



1 71. The microsample valve of claim 59 wherein the through hole is 

2 substantially coplanar and in direct communication with Ihe sample passageway 

3 and the carrier flow outlet when in the sampling position. 



1 72. The microsample valve of claim 59 being adapted for use with 

2 a high throughput purification system having an analyzer, the sample flow inlet and 

3 outlet being connected to a sample flow chaimel, and the carrier flow inlet and 

4 outlets being connected to a carrier solvent flow line, tiie carrier flow ouflet being 

5 couplable to the analyzer, the sample passageway and tihe fluid bypass being shaped 

6 and sized for carrying a supercritical fluid sample flow therethrough. 



1 73. A microsample valve assembly for use in a high throughput 

2 fluid system, the fluid systeni having a flow channel with first and second sample 

3 flow paths, a carrier flow path, comprising first and second microsample valves 

4 interconnected by a carrier flow line, the first microsample valve comprising: 

5 a first valve body having a first sample passageway with a first 

6 flow inlet and a first sample flow outlet, the first sample passageway being 

7 positionable for fluid communication with the first sample flow path, the first valve 
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8 ^ body haviag a first carrier flow inlet and first carrier flow ouflet tiie first carrier 

9 flow inlet and outlet being positionable for fluid conunimication with tbe carrier 

10 flow path, the first carrier flow inlet and carrier flow outlet being axially 

11 misaligned, the first carrier flow outlet being connected to Ihe carrier flow line; 

12 a first flow control member movably disposed in the first valve 

13 body and in fluid communication with the first sample passageway, the first flow 

14 control member being axially slidable between first closed and sampling positions, 

15 the first flow control member having a first fluid bypass m fluid communication 

16 with the first carrier flow inlet and outiet when the first flow control member is in 

17 the first closed position to aUow a selected carrier fluid to flow through the first 

18 valve body, the first flow control member blocking the first sample flow in the first 

19 sample flow channel fi-om the first carrier flow outlet when in the first closed 

20 position, the first fluid bypass in fluid communication witii the first sample flow 

21 and the first carrier flow outiet when in the first sampling position to allow a 

22 selected sampling of fee fibrst sample flow to flow to the first carrier flow outiet; and 



23 a first actuator coupled to the first flow control member and 

24 being activatable to move the first flow control member between the first closed 

25 and sampling positions; 

26 the second first microsample valve comprising: 

27 a second valve body having a second sample passageway with 



28 a second flow inlet and a second sample flow outiet, the second sample passageway 

29 being positionable for fluid communication with the second sample flow path, the 

30 second valve body havmg a second carrier flow inlet and second carrier flow outiet, 

31 the second carrier flow inlet and outiet being positionable for fluid communication 

32 with the carrier flow path, the second carrier flow inlet and carrier flow outiet being 

33 axially misaligned, the second carrier flow inlet being connected to the carrier flow 

34 line and adapted to receive the carrier fluid fi:om the first microsample valve; 

35 a second flow control member movably disposed in the second 

36 valve body and in fluid connnunication with the second sample passageway, the 

37 second flow control member being axially slidable between second closed and 

38 sampling positions, the second flow control member having a second fluid bypass 

39 in fluid communication with the second carrier flow inlet and outiet when the 

40 second flow control member is in the second closed position to allow the carrier 

41 fluid to flow through the second valve body, tiie second flow control member 
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blocking the second sample flow in the second sample flow channel from the 
second carder flow outlet when in the second closed position, fhe second fluid 
bypass in fluid communication with the second sample flow and the second carrier 
flow outlet when in the second sampling position to allow a selected sampling of 
the. second sample flow to flow to the second carrier flow ouflet; and 

a second actuator coupled to the second flow control member 
and being activatable to move the second flow control member between the second 
closed and sampling positions. 

74. The microsample valve assembly of claim 73 wherein the first 
valve body has an interior chamber fliereiti and an insert positioned in the interior 
chamber, the first flow control member being in sealable engagement with the 
insert with a substantially fluid tight seal formed therebetween blocking fluid 
migration between the insert and the first flow control member. 

75. The microsample valve assembly of claim 74 wherein a 
portion of the first sample passage way extends through the insert, and a portion of 
the first carrier flow patih extends through the insert. 

76. The microsample valve assembly of claim 74 wherein the 
insert is a plastic sleeve concentrically positioned around tiie first flow control 
member. 

77. The naicrosample valve assembly of claim 73 wherein the first 
flow control member is a stem axially slideable in fhe first valve body between fhe 
first closed and sampling positions. 

78. The microsample valve assembly of claim 73 wherein the first 
sample passageway has a longitudinal axis substantially coplanar with a 
longitudinal axis of the first carrier flow outiet 

79. The microsample valve assembly of claim 73 wherein fhe first 
sample passageway has a longitudinal axis substantially perpendicular to a 
longitudinal axis of fhe first carrier flow outiet. 
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80. The micsrosample valve assembly of claim 73 wherein the first 
actuator is adapted to move the first flow control member fi:om the first closed 
position, to the first sampling position, and back to the first closed position within a 
time period in the range of approximately 15 to 100 milliseconds, inclusive. 

81. The microsample valve assembly of claim 73 wherein the first 
actuator is adapted to move the first flow control member firom the first closed 
position, to the first sampling position, and back to the first closed position within a 
time period of approximately 20 milliseconds or less. 

82. The microsample valve assembly of claim 73 wherein the first 
actuator is adapted to move the first flow control member firom the first closed 
position, to the first sampling position, and back to tiie first closed position within a 
selected time period to divert a sampling volnme of approximately 2 picoliters or 
less to the first carrier flow outlet 

83. The microsample valve assembly of claim 73 wherein the first 
fluid bypass includes a throughhole extending through the first flow control 
member, the first through hole being aligned with the first carrier flow inlet when 
the first flow control member is in the first closed position, and being aligned with 
the first carrier flow outiet when the first flow control member is in the first 
sampling position. 

84. The ndcrosample valve assembly of claim 73 wherein the first 
flxiid bypass includes a through hole extending through the first flow control 
member substantially in axial alignment Avith the first carrier flow inlet when the 
first flow control member is in the first closed position, and the first bypass 
including a groove foraied in an outer surface of the first flow control member, the 
groove being in fluid communication with the through hole and the first carrier flow 
outlet when the first flow control member is in the first closed position. 

85. A high throughput liquid chromatography column assembly 
configured to receive a selected sample for flow therethrough to achieve a selected 
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chromatographic separation of the sample, the sample having a mass weight and a 
fluid volmne, comprising: 

a loading colimm having a loading chamber having a first inner 
diameter and first length, the loading chamber being sized to contain a volmne of a 
first packing material with a vertical absorptive profile, the loading chamber being 
sized to retaiQ a selected volume of the packing material to spatially distribute the 
sample within the loading chamber to load the sample prior to chromatographic 
separation of the sample, the length of the loading chamber being insufficient to 
achieve the selected chromatographic separation of the sample as the sample passes 
through the loading chamber; and 

a separation colunm having separation chamber therein in fluid 
connection with the loading chamber and being positioned to receive the sample 
firom the loading column, the separation chamber having a second diameter smaller 
than the first diameter and having a second length greater that the first length, the 
separation chamber being sized to retain a second packing material, the second 
length of the separation chamber beiag sufficient to achieve the selected 
chromatographic separation of the sample as the sample passes therethrough, the 
separation chamber having a volume of the second packing material over a same 
length as the first lengtii that is insufficient to act as a loading region for the entire 
selected sample. 

86. The chromatography column assembly of claim 85 wherein the 
first diameter is two or more times greater than tiie second diameter. 

87. Thechroniatography column assembly of claim 85 wherein the 
first length is one half or less than the second length. 

88. The chromatography column assembly of claim 85 wherein the 
loading column has an outiet and the separation column has an inlet the loading 
column and the separation colunm are spaced apart from each other and 
interconnected by a carrier tube, coimected to the loading column's outlet and the 
separation column's inlet. 
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89. The chromatograpliy column assembly of claim 85, further 
comprising a dilution column having a dilution chamber in fluid connection with 
the loading chamber. 

90. The chromatography column ass^bly of claim 89, wherein 
the dilution chamber has a first inlet and outlet, the loading column has a second 
inlet and outlet and the separation column has a third inlet, the dilution column, the 
loadmg column, and the separation column are spaced apart fi-om each other, the 
dUution column being in fluid communication with the loading chamber through a 
first carrier tube connected to the distribution column's first outlet and the loading 
column's second inlet, the loading column being m fluid communication with Ae 
separation column by a second carrier tube connected to the loading column's 
second outlet and the separation column's third inlet. 

91. The chromatography column assembly of claim 89 wherem the 
dilution column, the loading column, and the separation column are spaced apart 
from each other, the dilution column beiug fluidly connected to the loading 
chamber by a first carrier tube, and the loading column being fluidly connected to 
the separation column by a second carrier tube. 

92. The chromatography column assembly of claim 91 wherein the 
first and second carrier tubes are small bore high pressure liquid chromatography 
tubes. 

93 . The chromatography column assembly of claim 89 wherein the 
dilution chamber contains inert packing material therein. 

94. The chromatography column assembly of claim 85 wherein the 
loading column and the separation column are spaced apart fi-om each other and are 
in fluid communication through a carrier tube extending therebetweea 
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95. The chromatography column assembly of claim 85 wherein the 
loading column and the separation column are integrally connected to each other. 

96. The chromatography column assembly of claim 85, Teflon 
coating portions of Ihe first and second columns that come in contact with fluid 

97. The chromatography column assembly of claim 85, further 
coiiq)rising a dilution column having a dilution chamber in fluid communication 
with the loading chamber, a portion of the dilution column being positioned in the 
loading chamber, the dilution chamber and the loading chamber being separated by 
afirit 

98. The chromatography column assembly of claim 97 wherein the 
frit is positionable in the loading chamber and sandwiched between the dilution 
cohmm and the first packing material in the loading chamber. 

99. The chromatography colunm assembly of claim 85, further 
comprising a dilution column having a dilution chamber in fluid connection witii 
the loading chamber, a bottom end of the dilution column being securely connected 
to a top end of the loading column. 

100. The chromatography colunm assembly of claim 99 wherein a 
fiit is sandwiched between the dilution column and the loading column. 

101. The chromatography colunm assembly of claim 85 wherein the 
separation chamber has a substantially constant cross sectional area along the 
second length. 

102. The chromatography column assembly of claim 85 wherein the 
separation chamber has first and second end portions, the first and portion being 
closest to the loading colmnn, the second diameter being at the first end portion. 
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4 and tiie separation chamber having a third diameter at the second end portion 

5 smaller than the second diameter. 

1 103 . The chromatography colmnn assembly of claim 85 wherein the 

2 separation chamber has a tnmcated conical shape. 

1 104. A system for liquid chromatography, comprising a carder tube 

2 with inlet and outlet portions, and two colimms; the first colmnn being coiipled to 

3 the hilet portion of the carrier tube and being about 1/2 or less than the length of Hio 

4 second column and having internal diameter approximately two or more times the 

5 internal diameter of the second column, and the second column connected to the 

6 outlet portion of the carrier tube. 



1 105. The system of claim 104, finifaer including a dilution chamber 

2 adjacent to and prior of the first colunm, said dilution chamber having a selected 

3 geometric interior volume. 

1 106. The system of claim 105 wherein the first and second columns 

2 are integrally connected to each other. 

1 107. The system of claim 104 wherein the first and second columns 

2 are integrally coimected to each otter. 

1 108. The system of claim 104, further including Teflon coating 

2 portions of the first and second columns that come in contact with fluid. 

1 109. A chromatographic column, comprising first and second 

2 column portions, the first column portion having a loading chamber with a first 

3 inner diameter and first length, the second column portion having a separating 

4 chamber with a second inner diameter and second length, the first inner diameter 

5 being approxroiately two times greater than the second inner diameter and the first 

6 length being approximately 1/2 or less than the second length. 
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1 1 10. The coluixin of claim 109 wherein the first inner diameter is at 

2 least approximately two times greater than the second inner diameter. 

1 111. The colmmi of claim 110 wherein the first length is 

2 approximately equal to or less than one-half of the second length. 

1 112. The column of claim 109 wherein the first length is 

2 approximately equal to or less than one-half of the second length. 

1 113. The column of claim 109 wherein the first and second colmnn 

2 portions contains a solid phase material. 

1 114. The column of claim 109 further comprising a dilution 

2 chamber adjacent to the first chamber with the first chamber being between the 

3 dilution chamber and the second chamber. 

1 115. The column of claim 109 wherein the first column portion has 

2 a funnel-shaped transition portion connected to the second column portion. 

1 116. The column of claim 109 wherein the first column portion is 

2 releasably connected to the second column portion. 

1 117. The column of claim 109 wherein the first column portion is 

2 integrally connected to the second column portion. 



1 118. The column of claim 109 wherein the second chamber portion 

2 is a tapered chamber that tapers inwardly as the second colunm portion extends 

3 away fi'om the first colunm portion. 
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1 119. A method of chromatograpbically separating a selected sample 

2 to achieve a selected chromatographic separation, the sample having a selected 

3 sample mass and volnme, comprising: 

4 providing a chromatographic colmnn assembly having a loading 

5 colimm and a separation colmnn, the loading colmnn having a loading chamber 

6 therein with a first diameter and a first length, and the separation chamber having a 

7 second diameter smaller than the first diameter and a second length greater than the 

8 first length; 



9 loading the sample into the loading chamber, the loading chamber 

10 containing a first packing material having an absorptive characteristic, wherein the 

11 first packing material receives the sample and spatially distributes the sample 

12 within the loading chamber; 

13 passing the sample through the loading chamber forward into the 

14 separation chamber, the length of the loading chamber being insufficient to achieve 

15 the selected chromatographic separation of the sample; 

16 passing the sample into the separation column after the sample passes 

17 through the loading colunm, the separation chamber having a second packing 

18 material therein having a length volume to achieve the selected chromatographic 

19 separation the sample- into sample components; and 

20 separating the sample into sample components with the second 

21 packmg material in the separation chamber to achieve the selected chromatographic 

22 separation of the sample. 

1 120. A firaction collector assembly useable to collect a purified 

2 target portion of a selected sample taken firom one of a plurality of si^plying wells 

3 in a supplying container, the one supplying well having a well-position address for 

4 its position in the supplying container, comprising: 

5 a firame; 

6 a dispensing head movable relative to the firame along three axes of 

7 movement, the dispensing head being configured to dispense the target portion of 

8 the selected sample; 



wo 01/86283 PCT/USOl/15469 

77 

9 a receivii^ container having a plurality of receiving wells sized to 

10 receive the target portion of the selected sample when the dispensing head is in the 

11 dispensing position, each receiving well having a well-position address; 

12 a docking station releasably retaining the receiving container in a 

13 selected position to receive the target portion; and 

14 a computer controller configured to identify the well-position address 

15 for the one supplying well relative to the supplying container, the computer 

16 controller being coupled to the dispensing head and configured to control 

17 movement of the dispensing head relative to the docldng station to dispense the 

18 selected target portion directly into a receiving well having a weU-position address 

19 relative to its position in the receiving container that directly corresponds to the 

20 well-position address of the one supplying well relative to the supplying container. 

1 121, The fi-action collector assembly of claim 120, target sample 

2 portion is provided to the dispensing head in a vaporous state, the fraction collector 

3 assembly finther comprising a tubular expansion chamber shaped to receive the 

4 target portion in a vaporous state and cause the target portion to condense into 

5 liquid format for delivery directly to the receiving well. 

1 122. The fiBCtion collector assembly of claim 121, further 

2 comprising a pick up station connected to the firame, the pick up station having a 

3 holding member that releasably holds the expansion chamber in a selected position 

4 for engagement by the dispensing head; and an expansion chamber delivery 

5 assembly adjacent to the pick up station, the delivery assembly having delivery 

6 member that receives an expansion chamber and delivers it to the pick up station in 

7 the selected position. 



1 123. The firaction collector assembly of claim 120 wherein the 

2 docking station has an indicator coupled to the computer controller, the indicator is 

3 positioned to identify where the receiving container is to be positioned in the 

4 docking station. 

1 124. The firaction collector assembly of claim 120 wherein the 

2 receivmg container is a multiple well microtiter plate.. 
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125. An automated firaction collector assembly useable to coUect 
sample portions of a selected sample, conq)nsing: 
a frame; 

a dispensing head movably comiected to Hie frame, the dispensing 
head being configured receive the sample portion and to dispense the sample 
portion, the selected sample being provided to the dispensing head in a substantially 
^porous state; 

a receiving contains: having a plurality of recdving wells, each well 
being sized to receive the sample portion of the selected sample; 

an expansion chamber oigageable by the dispensing head and being 
shaped to receive the sample portion in the vaporous state and cause the sample 
portion to condense into liquid format for delivery directly to a selected one of the 
receiving wells; 

a pick up station having a holding member tiiat releasably retains flie 
expansion chamber in a selected position for engagement by the dispensing head; 
and 

a chamber delivery assembly sized to contain a plurality of expansion 
chambers and having a delivery member positioned to deliver the expansion 
chamber to the pick up station. 

126. The fr;action collector assembly of claim 125, wherein the 
delivery member deUvers ftic expaxmon chamber to flie pick up station in flie 
selected position. 

127. The fraction collector assembly of claim 125 wherein the 
e:q)ansion chamba- delivery assembly mcludes a hopper contaming flie plurality of 
ejcpansion chambers, the hopper having an aperture positioned to deUver expansion 
chambers to the delivery member. 

128. The fraction collector assembly of claim 125 wherein flie 
ejcpansion chamber delivery assembly mcludes a hopper contammg the plurality of 
expansion chambers, the hopper havmg a dhectiaaal orientation mdicator for 
orientation of the expansion chambers wifliin flie hopper. 
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1 129. The fraction collector assembly of claim 125 wherein the 

2 expansion chamber delivery assembly includes a housing and a hopper removably 

3 retained in the, the hopper containing the plurality of expansion chambers, llie 

4 hopper with the expansion chambers therein being insertable into and removeable 

5 from the housing as a unit. 

1 130. The fraction collector assembly of claim 125, wherein the 

2 chamber delivery assembly having a chamber storage portion containing the 

3 plurality of expansion chambers, a dispensing drum rotatably mounted adjacent to 

4 the chamber storage portion and positioned to receive expansion chambers from the 

5 chamber storage portion, and an engagement member movably positioned to engage 

6 an expansion chamber on the dispensing drum and direct the e3q)ansion chamber 

7 toward the pick up station. 



1 131. The fraction collector assembly of claim 130 fiirther 

2 comprising a linear actuator connected to the engagement member and positioned to 

3 move the engagement member Imearly relative to the dispensing drum. 

1 132. The fraction collector assembly of claim 130 wherein the 

2 dispenser drum has a plurality of chaimels formed therein that receive the 

3 expansion chambers therein, the drum guide is positioned adjacent to the drum to 

4 retain the e?q)ansion chambers in selected channels as the dispenser drum rotates 

5 relative to the chamber storage portion. 

1 133. The fraction collector assembly of claim 132 wherein the 



2 holdtQg member of Ihe pick up station is a first holding member, and the pick up 

3 station haviQg a second holding member, the engagement member of the chamber 

4 delivery assembly is a first engagement mMiber, the chamber delivery member 

5 having a second engagement member, the first and second engagement members 

6 being movable to independenfly direct two engagement members toward the first 

7 and second holding members, respectively. 
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1 134. The firaction collector assembly of claim 132 wherein the 

2 holding member of the pick up station is a first holding memba, and the pick up 

3 station having a second holding member, the engagement member of the chamber 

4 delivery assembly is a first engagement member, the chamber delivery member 

5 having a second engagement member, the first and second engagement members 

6 being movable to direct two. engagement members simultaneously toward the first 

7 and second holding members, respectively. 

1 135. The firaction collector assembly of claim 125 wherein the 

2 delivery member of the chamber delivery assembly includes a slide portion 

3 movable relative to the holding member of the pick up station, the slide portion 

4 being positioned to receive the expansion chamber and to allow the expansion 

5 chamber to slide along the sUde portion along a trajectory to the pick up stations 

6 holding member. 



1 136. An automated fraction collector assembly useable to collect 

2 sample portions of a selected sample, comprising: 

3 a frame; 

4 a dispensing head movably coimected to the frame, the dispensing 

5 head having a dispensing tube that receives the sample portion and dispense the 

6 sample portion, the dispensing head beiag movable between a dispensing position 

7 and a rinse position; 

8 a receiving container with a receivhig well positioned to receive the 

9 sample portion of the selected sample dispensed from the dispensing tube when the 

10 dispensing head is in die dispensing position; and 

11 a riuse station connected to the fi:ame and positioned to removably 

12 receive the dispensing tube when the dispensing head is in the rinse position. 

1 137. The firaction collector assembly of claim 136 wherein the wash 

2 station includes a wash tube with an open end, the wash tube being sized to 

3 removably receive the dispensing tube therein through the open end, the wash tube 

4 being configured to contain a wash solution that engages the dispensing tube and 

5 washes the dispensing tube. 
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1 138. The fraction collector assembly of claim 137 wherein the 

2 dispensing tube is a dispensing needle. 

1 139. The fraction collector assembly of claim 136 wherein the rinse 

2 station includes a rinse tube sized to receive a portion of the dispensing tube. 

1 140. A fraction collector assembly useable to collect portions of a 

2 selected sample, comprising: 

3 a frame; 

4 a dispensing head movably connected to the frame, the dispensing 

5 head having at least one dispensing tube configured to dispense the portion of tiie 

6 selected sample, the dispensing head being movable between a pickup position, a 

7 wash position, and a dispensing position; 

8 a pickup station configured to releasably retain a selected chamber in 

9 a position for engagement by the dispensing head when in the pickup position; 

10 a wash station positioned to removably receive flie dispensing tube 

11 when the dispensing head is in the wash position; aad 

12 a docking station configured to retain a receiving container that 

13 receives the portion of the selected sample when tiie dispensing head is in the 

14 dispensing position. 

1 141. The fraction collector assembly of claim 140, further 

2 comprising a storage contaiuer that contain the selected chambers before tiie 

3 selected chambers are positioned in the pickup station. 

1 142. A fraction collector assembly useable to collect a purified 

2 portion of a selected sample taken from one of a plurality of supplying wells in a 

3 supplying container, the one supplying well having a well-position address for its 

4 position in the supplying container, comprising: 

5 a frame; 

6 a dispensing head movable relative to the fi'ame along three axes of 

7 movement, the dispensing head being configured to dispense the portion of the 

8 selected sample, the dispensing head having a dispensing tube that receives the 
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sanq)le portion and dispense flie sample portion, the dispensing head being movable 
between a dispensing position and a rinse position, tiie sample portion being 
provided to the dispensing head in a substantially vaporons state; 

a receiving container having a plurality of receiving wells sized to 
receive the sample portion of the selected sample when the dispensing head is in the 
dispensmg position, each receiving well having a well-position address; 

an e;q)ansion chamber engageable by the dispensing head and being 
shaped to receive the sample portion from the in the vaporons state and cause the 
sample portion to condense into liquid format for delivery durecfly to a selected one 
of the receiving wells; 

a pick up station having a holding member tiiat releasably retains tiie 
expansion chamber in a selected position for engagement by the dispensing head; 

a chamber delivery assembly sized to contain a plurality of expansion 
chambers and having a delivery member positioned to deliver the expansion 
chamber to the pick up station; 

a docking station releasably retaining the receiving container in a 
selected position to receive the sample portion; 

a computer controller configured to identify the well-position address 
for the one supplying well relative to the supplying container, the computer 
controller being coiipled to the dispensing head and configured to control 
movement of the dispensing head relative to the docking station to dispense the 
sample portion directly into a receiving well having a well-position address relative 
to its position in the receiving container that directiy corresponds to the 
well-position address of the one supplying well relative to the supplying container; 
and 

a rinse station connected to the frame and positioned to removably 
receive the dispensing tube when the dispensing head is in the rinse position. 

143. The fraction collector assembly of claim 142 wherein the 
docking station has an indicator coupled to lie computer controller, the indicator is 
positioned to identify where to position the receiving container in the docking 
station. 
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1 144. The fraction collector assembly of claim 142 wherein the 

2 expansion chamber deUvery assembly includes a hopper containing the pluraHty^ of 

3 expansion chambers, the hopper having an aperture positioned to deliver expansion 

4 chambers to the deliveiy member. 

1 145. The fraction collector assembly of claim 142 wherein the 

2 expansion chamber delivery assembly includes a housing and a hopper removably 

3 retained in the hopper containing the plurality of expansion chamb^, the hopper 

4 with the expansion chamb^ therein being insertable into and removeable from the 

5 housing as a unit. 

1 146. The fraction collector assembly of claim 142 wherein the 

2 chamber delivery assembly having a chamber storage portion containing the 

3 plurality of expansion chambers, a dispensing drmn rotatably mounted adjacent to 

4 the chamber storage portion and positioned to receive expansion chambers from the 

5 chamber storage portion, and an engagement member movably positioned to engage 

6 an expansion chamber on the dispensing drmn and direct the expansion chamber 

7 toward the pick up station. 



1 147. The fraction collector assembly of claim 146 fiirfher 

2 comprising a linear actuator connected to the engagement member and positioned to 

3 move the engagement member linearly relative to the dispensing drum. 

1 148. The fraction collector assembly of claim 146 wherein the 

2 dispenser drmn has a plurality of channels formed therein that receive the 

3 expansion chambers therein, the drum guide is positioned adjacent to the drum to 

4 retain the expansion chambers in selected channels as the dispenser drum rotates 

5 relative to the chamber storage portion. 

1 149. The fraction collector assembly of claim 142 wherein the 

2 holding member of the pick up station is a first holding member, and the pick up 

3 station having a second holding member, the engagement member of the chamber 

4 delivery assembly is a first engagement member, the chamber dehvery member 
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having a second engagement member, the first and second engagement members 
being movable to direct two engagement members simultaneously toward the first 
and second holding members, respectively. 

150. The fraction collector assembly of claim 142 wherein the rinse 
station includes a wash tube with an open end, the wash tube being sized to 
removably receive the dispensing tube therein through the open end, the wash tube 
being configured to contain a wash solution that engages the dispensing tube and 
washes the dispensing tube. 

151. The firaction collector assembly of claim 142wherem the 
dispensing tube is a dispensing needle. 

152. The fi:uction collector, assembly of claim 120 wherein the 
docking station has a sensor coupled to the conqmter controller, the sensor is 
positioned to determine if the receiving container is positioned in the docking 
station. 
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